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THE ALKYLATION OF a- AND 8-NAPHTHOLS WITH ACETYLENE 


Vv. Valser 
(Presented by Academician A. V, Topchicv, March 15, 1957) 


Alkylation was performed in a reactor containing 2 solution of the naphthol in 50 ml ethy! or butyl alco- 
hol and H,PO,* BF, + 1g of mercuric oxide, Acetylene was pressed in from a cylindez at a controlled rate, The 
mass obtained at the end of the reaction was suction-fltered on a Buchner funnel and the crystais of alkylate 
were washed with butyl alcohol, Results of the experiments are preserted in Table 1, 


Experiments 1,2 and 17 (in which the yiclds of 


TABLE 1 alkvlate + ere respectively 41, 42 and 42%) as well as 
Alkylation of 8 -Naphthol experiment 4, 4, 5 and 9 were performed under identl- 
_. cal conditions of temperature, catalyst concentration, 
F Catalyst ig Yield of etc, The results arc seen to be reproducible trrespective 
alk ylate of whether ethyl or butyl alcohol was the solvent, 
§ in of Data for the yield of alkylate asa function of the 
ols = theory (08 catalyst concentration under otherwise identical condl- 
naphthol tions are plotted in Fig, 1, 
5 144 | 65—70 | 2 8.5 
2120) § 14 | 65~—70 | 2 8.7 42 @ 
3}/20] § | 44 75-80 46 
5 | 44 | 12 3.5) 32 4 
§|20| 5 44 | 21-25 | 2 2 10 
6120) § 44 }105—41C 2 8 39 
7/20] | 44 | 75—80 | 2 9.5) 44 
5 14 | 65—70 | 2 7 
4.25 65—70 | 2 5 29 2 8 Fweigh- 
40 | 24 | 65—70 | 2 9.5) 4 Concenwation of 
43 |} 20) 10 65— 2 6 x 
5 45 | 65—70 | 2 6 
4/120) 5 14 | 65—70 | 2 8.6 42 the catalyst concentration, 
— | [als | 26 
20/501 — | — | ¢65—70 |2 10° 20 The optimum yield of alkylate concentration of 68% 


at a catalyst concentation of 16% in the reaction mixture 

ats temperature of 65-70%, Data fa the yield of alkylate 

as @ function of the temperature under otherwise identical 
Notes, 1, In experiments 5 to 8 the solvent was a- conditions are plotted in Fig, &, The optimum temperae 
butyl alcohol; in all the remaining experisneas ft ture was 75-80° with a catalyst concentration of 14%, 


An Increase in the rate of introduction of the acety- 


g naphthol was charged Into the reactor together 
with the catalyst loft over from the preceding exe - poston — to 4 liters/h only lowers the yield of 


periment and the unconsumed naphthol, 


\ 
4 
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Fig, 2. Yield of 8-naphthol alkylate as a function 
of the temperature, 


This heterocyclic compound can be regarded as a xanthene derivative, 9-methy!-1,2,7,8-dibenzoxanthene 


of as pyran derivative, 4-methyl+{ pyran, 


he al':ylate obtained fs sparingly soluble In benz- 
ene, readily :oluble In ac.ione, acetic acid, ether and 
chloroform; Lt Jissolves in carbon tetrachloride and as 
heptane when heated; It trsoluble in caustic alkali and 
weak sulfuric acid, M, P, 173 °C, 


Found (in 89,3; My 8.5; O} 5,2, For 
calculated (im We 89,2; Hy 5.4 5.4, 


Molecular weight 296-391, calculated, 
melecular weight 296, Trerevitinoy determination ree 
vealed the absence of hydroxy! groups, 


Taking into account the results of our experiments 
on the alkylation of phenol (1,2) and cresols (3) under 
similar conditions, we consider the alkylate to be ethyli- 
dene-di-8 -naphthol oxide, formed according to the 
scheme. 


Vinytnsphthol 


Ethylidene-di-8 -naphthol oxide 


: 
i du 
7 
+CH=CH— 
OH OH 
. 
| | ) 
| 
| 


Such a compound with m,p, 173° was prepared by Claisen [4] by condensauca of ee with paral- 
dehyde in presence of HCL 


Oxidation of the alkylate with chromic oxide gave crystals with mp, 194%, The oxidation process involves 
conversion of the radical to the carbonyl group with formation of the coiresponding ketone; 


— dinaphtho-y -pyrone 
mol, wt, 296 


Wwenzke and Nicuwland (5) carried out the condensation of acetylene with naphthol in 95% alcoholic solu 
tion in presence of concentrated sulfurle acid and mercury salty, They failed, however, to isolate any crystals 
from the solution, These authors carried out the reactions with a- and 8-naphthols for 10 days and obtained a 
small quantity of crystels with mp, 173%, They claimed to obtain an acetal when using 8-naphtho) and ethylle 


dene-dinaphthol oxide whea wing @-naphthol, Unfortunately the authors do not submit adequate evidence for 
their claims, 


We alkylated @-naphthol under the same conditions as for B-naphthol, The alkylate was insoluble {a 

benzene and camphor, which hindered determination of the molecular weight, 
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THE DISTRIBUTION OF SMALL QUANTITIES OF CARBON IN ALLOYED IRON 


A, S, Zavyalov and B, I, Bruk 
(Presented by Academician G, V, Kurdyumovy, Jamary 10, 1957) 


The problem of the distibution of siloying elements, especially carbon, in the microscopic portions of the 
@- and 7 -solid solution Iniron alloys is receiving ever greater attention in metallurgical investigations but has 
noi yet been conclusively clarified by experiment, 


In the present work the nature of the Cutriutien of carbon tn alloyed tron was studied by the method of i 
auioradiography wing the radioactive lsotope The value of this. method for study of the distrbution of some 
element ta fron and ferrous alloys has been demonstrated in @ series of papers ( 1-7], 


A study was made of low-carbon ferous alloys containing (scosrately) chromium, nickel, silicon and molyb- 
denum. Compositions are given in Table 1, 


TABLE 1 Radlosctive carbon was Introduced Into the alloys 
by cermeatstion method in a medium of radioactive bari- 
System ‘ Chemical composition, & um carbonate, Since the source df the rad! ocarbon was 
investigated | mil Ma berlum carbonate without addition of the carbon, 
‘ the total conteat of carbon In the cemented specimens 
did not rise shove thelr original content of 0,03-0,05%, | 
um 0.08 | 4.6 0.10}0,10) = Penstration of redioactive carbon (designated arbiwarily 
nickel 10.64 | 0.08) 4.8 | tracel 0.11) by C*) from the BeCO, into the steel was effected by | 
lron-si lie fsotepic exchange, evidently to the following 
coa 0.03 | 0.09] | | — 
Iron-mo- 
lybde- 
num «0,03 | 0,08) =| 0.08] 0.10 | 12.5 2320 + | 
2C°O, + 2C 2C°0 +200 
— | 
From the steel 
+ 200 C°O, + CO, +C 
Into the steel 


The radioactive specimens were radiographed after they had been subjected to the specified thermal treat- 
ment, The MR type of nuclear film of the Scientific Insitute of Motion Picture Photography was used for the 
exposures, 


Examinatioa of the autoradiogzams of the annoeled alloys (Fig, 14,48) reveals that a characteristle feature 
of the annealed state Is the very conspicuous frregularity of distribution of carbon at the grain boundaries; this 
{a particularly marked in fron-silicon and fron-molybdécnwn alloys ia which the carbon ts mainly concentrated 
at the grain Youndaries, 


j 
: 
. 


The autoradiograms of alloys quenched in water from a temperate of 120° (Fig, Ib-4abj have a perfectly 
uniform darkening at the specified magnification; a etter picture was also obtained after quenching from a@ 
comperature of 850%, This indicates that at tempertures of 900 aud 1200° these alloys do not become enriched 
with carbon st the austenitic grain boundaries (in the case of Fe-Cr and Fe-Ni alloys)or at the feritie grain 
boundaries (in the case of Fe-Si and Fe-Mo alloys), 


A certain general tendency is observed with all the ailoys tn the quenched annealed state in respect to 
the character of the distribution of carbon (uniformity of the carbon after quenching and {ts redistribution after 
annealing), On the other hand, tempering of the quenched alloys (590° for 10 hours) leads to two groups of alloys 
differing markedly am respect to the degree of irregularity of distribution of ca:bon; the {ron-chromlum alloy 
(Fig, le), exhibiting no tendency towards redistribution of carbon, and alloys of iron with nickel, silicon and 
molybdenum (Figs, 2¢-4c) in which the tempering led to much redistribution of carban and {ts enrichment at 
the grain boundaries, 


Fig. 1, Autcradfograms of fron alloy containing 4.0% chromium; x 65; a = annealed at 
970°, 50 hours; b = quenched in water from 1200% ¢ = tempered at 590%, 10 hours, 


Fig, 2, Autoradiograms of iron alloy containing 4,8% nickel; x 65; a = annealed at 970°, 
50 houry b = quenched in water from 1200°; c = tempered at 590°, 10 hours, 


Pig, 3, Autoradiograms of Lron alloy containing 4,4% silicon; x 65; a = annealed et 970°, 
50 hours; b = quenched {n water from 1200°; c # tempered at 690°, 10 hours, 


‘ 
| 


Fig, 4, Autoradiograms of {ron alloy containing 12,5% molyodenum; x 65; a = annealed 
at 970°, 50 hours; b = quenched in water from 1200°; ¢ = tempered at 590°, 10 hours, 


These data clearly confirm the view that carbide-forming elements are able to retain carbon in ferrite up 
to high tempering temperatures and that the processes of segregation of carbon ty non-carbide-forraing elements® 
(8) are intensified, 


Clear illustration {s also provided of the correctness of the view that silicon {s more effective than nickel 
as an intensifier of the processes of redisuibution and separation of carbon [8]: comparison of the autoradiograms 
of tempered specimens of tron-nichel (Fig, 2c) and iron-silicon (Fig, 3c) alloys indicates thet in the second case 
the effect of the ternpeting Is to displace the carbon more ae towards the grain boundaries than {a the 
first case, 


The uniform dartening of the autoradiogram of the tempered iron-chrom{uin alloy (Fig, 1c) indicates that 
ata temperate higher than AC, the chromium {s uniformly distributed at the grain boundaries, Indeed, if ir 
regular distribution of chromium had occurred in the austenite, then the tempering after the quenching should 
have caused the carbon to be displaced to sites enriched in th's element cue to the differing velocities of dif- 
fusion of carbon and chromium in ferrite [6], 


The fact that migration of carbon did not take place In the iron-chromium alloy as a cesult of tempering 
(Fig. ic) te,tfies to the uniforin (in relation to the grain boundaries) disuibutica of chromiwn In austenite at 
1200°, 


By analogy with the Fe-Cr alloy,it inight be expected that in the Fe-Mo alloy the character of the distr- 
bution of the carbon would also not change a8 a result of tempering after quenching, Actually, however, in the 
tempered Lron-molybdenum alloy theze is a more elcarly marked concentration of carbon along the grain boun- 
daries (Fig, 4c), . 


The rcason for this change [Is to be sought in the phase composition of the alloy concerned, If the cone 
centration of one of the elements in a binary system exceeds its limiting solubility in the solid solut.on, thea 
the excess of that cler.ent separates In the forin of a solid phase predominantly at the grain boundaries of the 
solid solution, If the system aiso contains a small amount of a third eleinent, either the latter will diffuse to 
the grain boundaries if the strength of its bond with the atoms of the separated clement fs greater then the 
strength of the bord with the atoms of the solvent element, of it will diffuse into the interior of the grain if the 
strength of the bond witn the atoins of solvent exceeds the strength of the bond with the atoms of the segregated 
element (8}, 


In the case of the iron-molybdenum alloy under consideration (containing 12,57% Mo), the presence of a 
certain quantity of ¢-phase in the structure side by side with the a=phase is unavoidable, since the maximum 
concenwation of molybdenum in the a-phase is 8% even at 600°, Since the lowest concentration of molybdenum 
in the ¢-phase 18.50%, the concentration of this phase at the boundarics of a ferritic grain must of course bring 
about diffusion of carbon towards it during the process of tempering duc to the known affinity betweea molyb- 
denum and carbon, 


Thus the process of concentration of carbon at the boundaries of the ferritic grain In Fe-Si alloys (Fig, 3c) 
and Fe-Mo alloys (Fig, 4c) gives the same radiographic effect but occurs for different reasons; in the Fe-Si alloy 


* The question of the probable causes of separation of carbon during temperturing of the iron-molybdenum alloy 
will be considesed below, 


tt 
= 
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the carbon is displaced towards the boundaric. of the grain by the silicon aniformly distributed in the in 
the Fe-Mo alley (contatning 12.9% molyddenuin), the carbo diffuses towards the grain boundarics due t scparae 
tion at dicse boundaries of excess phase enriched with molybdcaum, 
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THE POLYMERIZATION OF SOME COMPOUNDS CONTAINING TWO 
ISOPROPENYL GROUPS 


Yu. V. Mitin and N, A, Glukhov 
(Presented by Academician V, A, Kergin, April 17, 1957) 


In a study of the dimerization of a-methylstyrene under the Influence of catalysts of an fonie type (SnCly, 
TIC, AICI,) it was shown that at clevated temperature (70-100*) there fs exclusive formation of a dimer which 


is @ saturated, crystalline product (1,2), Direct synthesis showed conclusively (2) that the saturated dimer was 
1,1,3-tdmethyi-3-phenylindane, 


Similar products of dimerization are also formed by otter ring-substituted a-methylstyrenes, Conse quently, a- 
methylstyrene functions as a monofunctional compound under certain conditions, 


It was of Interest to investigate the behavior of compounds containing two lsopropenyl groups under condl- 
tions analogous to the conditions of formation of the saturated dimer of a-methylstyrene, A series of bifunce 
tional compounds was theie fore investigated with the objective of preparing linear polymen containing benzene 
rings in the principal chain, It might have been expected that under certain conditions the bifunctional come 
pound, ¢,g, 1,4-diiscprope nyIbenzene, would react by the fo.towing route; 


CH, 
2 — C,H, -- 
CH, 


| 
CH CH, 
| 
cH CH c 
CH, 
CHy 
| 
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CH, CH,  _|n—s 


We synthesized and characterized the following compounds 


1,4-dilsopropenyle (m.p, 64-64,5°) 
Hy 


ben zene (3) 


4,4°-dilsopropenyl- S-—cH, (mp, 545-55 
 diphenylmethane 


Iv 


Ot, CH, 


4,4°-dl iso prope nyle (m.p, 124-124,5°) 
diphenylethane 4 | 


‘cocatalyst, In all cases the resultant polymers were soluble in- benzene and {ts homoicgy in carbon tetrachloe 
ride, carbon disulfide and a few other solvents, and Insoluble {n alcohols, After reprecipitaticn the polymers 
were obtained in the form of white powders, Sone properties of the polymers are listed in Tabie 1, 


TABLE 13 


rties of polymer 
Solubility 


Iv 0.30 
0.270 | 7.8.40 


The prepared compourds were subjected t poly merization fu toluene solution in presence of SnCl, and HC! as © 


| 
4 
| 
i 
j 
| Prope 
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a 
Fiz, 1, Infrared absorption spectra (4, 5% in ISP-14-B 
Apparatus, NaCl prism); a) poly-1,4-dilsopropenyle 
benzene; b) Idi pheny Ine thane; 
C) 1,3,6° 
trimethylindane, 


The clementary composition of all the prepa ed 
polymers exactly coincides w ita that of the corresponding 
starting monomen, The polymers are saturated and do 
not add on bromine, The structure of the polymer of 1,4 | 
dlisopropenylben zene may be represented by formula VI, 
and the structure of the polymers of 4,4° -dilsepropenyl- 
diphenytmethane and 4,4" thane 
by formula VE, - 


Due to the excepiional resistance of the polymers 
to oxidative snd thermal attack, it was impossible to ob- 
tain any pure products of oxidation of breakdown, Howes 
ever, the similarity betweca the Infrared spectra of the 
polymcrs and of (4) (the lateer sel- 
ected as a mode) compound) supports strutures Vi and 
VIL, Examinations of the optics) properties of soi.dons 
of polymers (carried out In the labcratary of Prof, V, N 
Tsvethov by S, Ya, Magarink to whom the authors 
vey ther thanks) convinc!ngly show that the benzene ring 
is in the principal chain of the polymez (5}, 

It has thus shown that under specific conditions it 


{3 possible to obtaia linear polymers on the basis of com=- 
pounds of the type of 


where R is the atom or group of atoms not reacting (in 
the broad sense of the word) with catalysts of the tonite 
type, 


| | Te | | 
| 

cin’ “cit, cin” | 

du, - d S- CH, = 

| 

| 

Cth Clty 
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The authors convey their deep gratitude to Prof, M, M, Koton and V, V, Nikitin ior valuable advice and 
help in the work, 


LITERATURE GI7 
[1] Staudinger and F, Breusch, Ber, 62, 452 (1929), 
(2) & Bergmann, H, Taudald and H, Welss, Ber, 64, 1493 (1931), 
[3] M, T, Bogert and C, P, Harris, L Am, Chem, Soc, 41, 1682 (1919), 
[4] Ph. Theyssic,and G, L Polym, Sct, 20, 351 (1956}, 
[5] V. Tavetkov and S, Ya, Magarlk, Proc, Acad, Sct. USS, 115, No, (1957). 


Institute of High-Molecular Compounds of the Received February 8, 1957 
Academy of Sciences of the USSR 


* Original Russian pagination, Sce C, B, Tran.Jation, 


— | 
| 
| 
4 
} 
i 
; 
. 
674 
4 


THE REACTION OF CERIUM WITH HYDROGEN 


V. 1. Mikheeva and M. B. Kost 


(Presented by Academician 1. Chemivaev, January 12, 2957) 


When metallic cerium fs heated in a hydrogen atmosphere to 250-300, it Segins to sbsorb hydrogen ene 
ergetically with formation of a hydride of variable composition {1-3}, 


The question of the existence of a hydride of cerium with the stoichios, ct4e soa:puation CeHy was posed 
in 1913 by 1. Zhukov (4,5) oa the basis of a study of the curve of the dissociatiog >. 40 ¢ of the hydride, Later 
the existence of the hydride was confirmed by the calorimetic tnvertigatio: 76,7}, These 
later Investigations also reported the preparation of @ hydride Cells from (24 of rare earths 
cortaining about 50% Ce (6) as well as from pure cerium (7}, 


The starting metal {n our work was cerium obtained from the Institute of Rare Metals contsiaing 97% Ce 
and 2,9% Nd and Pr according to the spectral analysit, The amount of hydrogen takea up by cerium was dee 
termined by three parallei methodg 1) from the amount of hydrogea absorbed (fall of pressure in the system); 
2) from thé increase in welght of the sample of metallic cerium; 3) from the volume of hydrogen released of 
dissolving the hydride in dilute hydrochloric acid, The determinations were accurate to within t 2% of the 
amount determined, 


A sample of metal weighing 0.1-3 g was carcfully surface-cleaned In a strong stream of dry carbon dice 
xide and placed in a quartz tube connected to a vacuum system, After pumping out with a diffusion pump to 10 
‘mm mercury column,a furnace was mioved over the tube and the temperature was maiatained constant tot F, 


Hydrogen thoroughly purifled frota oxygen and water vapor was introduced into the system after § minutes, 
and the pressure drop was measured with the help of a mercury manometer, After absorpiion had ceased, the 
excess of hydrogen was pumped out and the product was cooled to room tempcrature in vacuum, The hydride 
was extracted in a stream of dricd carbon dioxide as a precaution against burning of the hydride ia contact with 
ale, 


During the process of hydrogenation }t was observed that, contrary to the reports io the Mterature [2,3,8), 
hydrogenation of cerlur takes place at rocm temperature without preliminary thermal treatment of the speci 
men ff the starting substances have been thoroughly purifled, The composition of the prcduct then fluctuates 
between CeHs and CeHs.as. Hydrogenation of cerium at Increased pressure (up to 14 atm,)revealed that the com= 
position of cerium hydride does not depend upon the hydrogen pressure, 


The curves of duration of hydrogenation versus hydrogen pressure drop (Fig, 1) differ in character at dife 
ferent temperature ranges, At low temperatures hydrogenation is preceded by an appreciable induction period 
which disappears above 200, Figure 2 is a plot of duration of hydrogenation (up to saturation) as function of tems 
perature for {identical weighed quantities of cerium, Up to 200° and higher than 700 the speee of hydrogenation, 
in contrast to that in the 300-600 range, increases with rising temperature, 


The dependence of the composition of cerlum hydride on the temperature was studied with two different 
experimental regimes, When the excess hydrogen was pumped out after saturation of cerium at each of the 
given temperatures (Fig, 3, curve 1), the form of the curve of saturation resembles that of curve 2 (obtained by 
Sieverts and Roell (3) under the same conditicns) Experiments based mainly on curve 3 were performed by 
heating a specimen with the composition Cells at the given temperatures until equilibrium was established, 


| 
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The composition of the final procuct was calculated from the volume of gas given off, The form of curve 3 
diff.rs markedly from that of curvee 1 and 3 it contains two horizontal lengths corresponding to the compost 
non Cel and Celi, The temperature regions of their existence correspond to the descending branches of the 
curve of Fig, 2, t.c., the rate of formation of these hydrides Increases with rising temperature, At the same 

time the formation of hydrides of variable composition (300-700") is accompanied by a fall in velocity of re- 
action with rising temperature, which is possibly bound up with the solubility of hydrogen in CeHy. | 


100 ; 


-Op mm Hg/g Ce 


40 60 60 100 120 min. 


Fig. L. lsotherms of absorption of hydrogen by cerium, 


atoms H /atom Ce 
Ne 


7200 


Fig. 2, Period of absorption of hydrogen by cerium, Pig. 3, Dependence of the compositioa of cerium hy- 


dride on the temperature, 


The following conclusions can be drawn from the data of the present works 


1, Hydrogenation of metallic cerium under conditions ef careful purification of the starting substances 
takes place at room temperature without preliminary thermal weatmeat of the specimen of cerlum, 


2 A hydiide of the composition CeHs © CeHy 44 fs obtained whea hydrogen is absorbed at room temperas 
ture (14=21°) irrespective of the hydrogen presst.re, 


3. The curve of hydride composition az a function of temperature and the curves of hydrogenation velo 


city coafirm the formation of definite hyditdes and and the existence of phares of variable composts 
Uon between Cells and CeHy 
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CONCOMITANT DECARBOXYLATION DURING AUTOXIDATION OF 
ISOPROPYLBENZENE IN ADMIXTURE WITH FATTY ACIDS 


N. N. Mitskevich, T. I. Soroko and Academician of the Acad, Sch of the 
White Russian SSR B. V. Brofeeyv 


We showed previously [1,2) that low-temperature autoxidation of resin acids is accompanied by the dee 


carboxylation of these acids. In this connection interest was attached to the possibility of concomitant decarbos - 


xylation of carboxylic acids in admixture with hydrocarbons that were being subjected to autoxidation, Experie 
ments on these lines showed that autoxidation of fsopropylbenzcne in admixture with acctic, butyric, lsobutyric 
and stearte acids is indeed accompanied by decarboxylation of the acids. Thus, in the case of avtoxidatioa of 
mixtures of hydrocarbons and carboxylic acids the oxidation of the hydrocarbon initiates a Linked process of dee 
carboxylation of the acid (using the terminology introduced by N. A. Shilov(3}) 


Since autoxidation of hydrocarbons, especially at higher temperatures, can lead to formation of acids 
which in the course of further autoxidation are subjected to conjoint decarboxylation, an insight into this pheno= 
menon fs of definite interest for our unde standing of the mechanism of oxidation of hydrocarbons Ia general, 


It should be noted that spontancous decarboxylation of fatty acids only occurs at temperatures very much 
higher than those st which we detected conjoint decarboxytation, 


Thus, Hurd (4) points out that acetic acid does not break down below the temperature of dark-red heat, 
According to Bamford and Dewar(5}, acctic acid vapor ts decomposed with measurable velocity at above 500, 
Scnderens and Aboulene (6) found that butyric, tsobutyric, propionic and tsovaleric acids are stable at up to 
460. In presence of animal charcoal these acids start to break down to an appreciable extent at 330-340°, Ac@ 
cording to. Korshak and Rogozhin{ 7) the majority of dicarboxylic acids (which decarboxylate more easily than 
monocarboxylic) only decompose spontancously at above 200, 


lopropylbenzene (commercial product from the Voikov Chemical Works) was first fractionated four times 
over sodium In a glass-packed column, after which it had the following constante b,p, 149-151", 42” 0,860, 
np 1.4917, Acetic acid (chemically pure product from the Kharkov Chemical Reagent Works) was further purle 
fled by freezing (8), Butyric, lsobutyric and stearic acids (*pure*) were purified by distillation at atmospheric 
pressure, Radioactive acetic acid (C** in the carboxyl, obtained through Soyuzreaktivabyt®) had an activity of 
1 mCu/mL Acetic acid diluted 100,9 times with ordinary acetic acid was used in the experiments, Cone 
sequently, the activity of the directly used acetic acid was 0.0099 mCu/mL, Cobalt acetate, used as initiator 
of autoxidation (*pure* product from the Red Chemical Works), was not subjected to further purification, Anal- 
ysls showed it to contala 4 molecules of crystal water, 


The velocity of autoxidation of mixtures of tsopropylbenzene and the acids was investigated in a static 
system by the method previously described (9) at a temperature of 80,5°, The CO, content of the gas phase 
above the products of the experiment was determined by blowing oxygen through the system and collecting the 
carbon dioxide in barytes water, In addition, the composition of the gas phase above the products of oxidation 
was analyzed with the apparatus of the All-Union Thermotechnical Institute, 


Radioactive CO, In the gascous products of oxidation was determined by absorption fa barytes water and 
measurement of the radioactivity of the bariuin carbonate precipitate in a Typo B apparatus, The progress of 
absorption of oxygen fs plotted in Fig, 1 as a function of time in experiments with lsopropylbenzene without 


* As in original — Publishers note, 
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and with additso.) of acctic, butytic, lsobutyric and sneinke ere The quantity of acid added was 9,0 to 32,8 
moles, Cobalt acetate was added in the proportion of 2,1 ° 107 mole per mole of lsopropylbenzcne, As we 
see from Fig. 1, in presence of acids the velocliy of autoxidation of lsopropylbenzene Increases by approximately — 
the same facte¢ (the amount of oxygen absorbed after 5 hours in presence of any of the actds was over 4 times 


greater than In the absence of acid), In all of the experiments the initial velocity was the highest and It fell off 
with progress of the oxidation, 


1 


100 200 900 min. 


Fig. 1. Kinetic curves of oxidation of ‘sopropylbenzene in preseace 

of fatty acids, Temperature 60,™, initiator cobalt acetate (21° 10% 
mole per mole of hsopeopcnmai 1) pure {sopropylbenzene; 2) 
328 mole“® acetic acid; 3) 9.0 mole-% stearic acid; 4) 31,4 mole-% 
butyric acid; $) 31.1 mole-% Isobutyric acid, 


The influence of the acid conceatrationon the velocity of oxidation of lsopropylbenzene was studied in 
experiments using various concentzations of isobutyric acid (Table 1) 


TABLE 1 


influence of Concentration of Isobutyric Acid on the Velocity of Autoxication of 


lsopropylbenzene (14,3° 10 mole isopropyibeazene; 0,9° 10 mole cobalt acetate 
per mole {sopropyl benzene) 


Isobutyric CO, formed 
added (moles per 
(mole-%) ) mole O3) 


Isobut yric 
acid added 
(mole-%) 


0.0080 
1.04 0,019 
4.54 0.0125 


Exp. No. 


3 
27. 


The data of Table 1 show that whereas the addition of 1,04 mole~%® frobutyric acid (experiment 2) ine 
creases the velocity of autoxidation of lsopropylbenzene by a factor of over 4 (compared with the blank experie 


ment), further increase of the quantity of added acid (up to 27,34 mole-%) does not substantially change the 
amount of oxygen absorbed, 


int 
mole 
a 
04 « a : 
6 
& a 
A 
24b- | CO, formed 
2 bed({ 
4 78 0.272 0.0185 
2 0.346 | 0.0242 
: 
680 


At the same time, an increase of the concentration of isobutytic acid in the mixture leads to a considere 
able increase in the quantity of carvon dioxide formed, As we see from Table 1 end Fig. 2, an increase in the 
content of tscbutyrie actd from 1 to 27 mole-% leads to an increase in the quantity of carbon dioxide by a fac- 
tor of more than 6 (with substandally unchanged quantity of absorbed oxygen). . 


signals/min. 
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Acetic acid content 
Fig, 2, Dependence of the quantity of carbon dice Fig, 3. Change of radioactivity of BaCO, precipitate 


xide evolved during oxidation of ssopropylbeazene as a function of the content cf fa a 
in presence of {sobutyric acid on the conceatratioa ture with lsopropylbenzene, Temperature 80,5; inidae 
of the latter ln the mixture, Temperature 80,53 tor cobalt acetate (0,9° 10 mole per mole of 
initiatorcobalt acetate (09°10 mote per mole propyibenzene), 

of lsopropyibenzene), 


The results of the experiments on oxidation of lsopropylbenzene Ia admixture with radioactive acetic 
acid (labeled in the carboxyl) confirm that the carbon dioxide originates from the carboxyl group of the acid 
added (im part at least) Indeed, as evident from Fig. 3 the sadloactivity of the precipitated barium carbonate 
(formed by absorption of CO,) increases with Increasing content of acetic acid ia the mixture, the resultant plot 
being nearly rectilincar, Experiments on the oxidation of acctic, outytic, lsobutyric and stearic acids, carried 
out under similar conditions (89,9°, mole cobalt acetate) but in the absence of fsopropylbenzene, 
showed that nelthes oxygen absorption nar carbon dioxide. formation takes place fa the case of acetic and buty- 
ric acids, A small ammount of carbon dioxide fs evolved in experiments on the autoxidation of pure lsobutyric 
and stearic acids; this evidently originates from a process Linked to the autoxidation of these acid, The linked 
decarboxylation of organic acids in course of autoxidation of hydrocarbons may be represented by the foltowing 
schemey 


1, Formation of a radical of lsopropylbeazene hydroperoxide: 


1 u 


2 Interaction of the {sopropylbenzene hydroperoxide radical (11) with the organic actd with formation of 
the acid radical (V} 


CH, 
CH, 


IV Vv 


| 681 


3. Decarboxylation proper 


k COO + CO, 
Vv v1 


4. Detachment of a hydrogen atom from the tsopropylbenzene at the tertlary group due to reaction with 
R’ radical forme’ 


+ CHS RH + 
CHy CH, 


This reaction leads to regeneration of the original radical (1) s0 that the maia chain reaction can continue, 
Account must, of course, also be taken of the possibility of oxidation of the R’ radical with formation of the hy 
droperoxide radicak 


+ > R- 00,7 


which further reacts with a tnolecrile of tsopropylbenzene, whea the original radicals of (1) are likewise regencrae 
tee 


CHe 


CH, 


According t» the above scheme, reactions 2-4 are thus exsentlally chain transfer reactions and they cane 
not therefore retard of accelerate the course of the chain process as a whole, In practice, however, small addle 
tions of acid increase the velocity of oxidations but further increase of the amount of added acid docs not ape 
preciably influence the velocity of autoxidation, 


The absence of a relation between velocity of autoxidation and acid concentration In the region of 1-27 
mole=% of the latter provices confirmation of the above scheme. Af the same time the increased velocity of 


autoxidation at small concentrations of acid ts evidence that the acid also influences the reaction velocity by 
other routes, 


It has thus beea shown that in the autoxidation of mixtures of lscpropylbenzene and fatty acids, the oxi 
dation of the hydrocarbon initiates the associated process of decarboxylation of the added acids, 
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SYNTHESIS AND PROPERTIES OF MONO=, DI- AND TRI-p-TOLYLALKYL SILANES 


N. S. Nametkin, Academician A. V. Topchicv, Gu Chan-Li and N. A. Leonova 


A large number of papers have been published fn recent years which describe methods of preparation and 
propertics of silicohydrocarbons of diverse structures, Derivatives of silicohydrocarbons containing functional 

groups in the organic radical have hitherto been scarcely studied; they are of potential theoretical and practi 
cal interest. We were interested {n the preparation of silicohydrocarbons containing p-tolyl radicals and in the 


study of the possibility of utilizing them as intermediates for the synthesis of compounds containing fuactional 
groups in the organic radial 


Silicohydrocarbons containing a p-tolyl radical have hardly been tavestigated, The ltcrature describes 
tetra-p-tolylsilane (1,2), tri-p-tolylsilane phenyl-p-tolylsilanes (4,5) and naphthyl-p-tolylsilanes (6-8), 
Of the alkyl-p-tolyl derivatives of silicon, only tri-p-tolylmethylsilane (3), di-p-tolyldimethylsilane (9), p= 
tolyltrimethylsilane (10,11) and p-tolyltricthylstlanc [12) have been described, 


Ia the present communication we deteribe mono, die and tri-petolylalkyl derivatives of silicon whose 
Propertics are detailed in Tables 1 and 


p-Tolyl-chloro(cthoxy)silanes 


p-Tolyltrichtorosifane and di-p-tolyldichiercsilane were obtained from silicon tetrachloride and p-tolyl 
magnesium bromide, and thelr propertics agree with those reported in the Mterature (13-15), 


(Table 1), di-ptolyldiethoxysilane (Table 1) and tri-p-tolylethoxysilane (Table 
2) were obtained from tetracthoxysilane and p-tolyl magnesium bromide, 


p-Tolyldipropylethoxysilane was fsolated from the products of reaction during synthesis of di-p-tolyldi= 
propyleilane (sce below and Table 1) 


p-Tolyldilsobut plethoxysilane was prepared oy seacting lsobutyllithium with p-tolyluiethozysilane, Ree 
actants were 45 g (0,33 mole) tsobutyl bromide, 5,3 g (0,8 mole) Hthium and 22 g (0,09 mole) p-tolyltricthoxy> 


silane, The reaction mixture was heated 10 horas and gave 9.5 g (yield 38,8%) of p-tolyldilsobutyltricthoxye 
silane (Table 1), 


Monos, die and tri-p-tolylalkylsiienes 


p-Tolyttrimethylsilane, To p-tolyllidiium, prepared from 8,4 g Uthium and 94 g p-bromotoluene, was 
added 54,5 g trimethylchlorosilane, and the mixture was heated 8 hours, Yield 58,2 g (71%), 


p-Tolyltricthylstlane, To ethyllithium, prepared from 3,2 g Hthium and 21.8 g ethyl bromide, was added 
12 g p-tolyluiethoxy.ilane, The mixture was heated 10 hours, Yield 5,5 g (56.6%), 


p-Tolyltripropylsilane, To propyllithium, prepared from 6 g lithium and 44,3 g propyl bromide, was 
added 23 g p-tolyltrichlorosilane, The mixture was heated 10 hours, Yield 10,8 g (43.2%). 


prTolyltributylsttanc, To p-tolyllithium, prepared from 3,5 g Uthium and 34 g p-bromotolucne, was 
added 33 g tributylethoxysilane, and the mixture was heated 10 hours, Yicld 4 g (73%), 


prTolyltrilsoamylsitane, To tsoamyllitnium, prepared from 6,5 g lithium and 53,8 g lsoamyl bromide 


£1-bromo=3-methylbutane), was added 17,7 g P tolyltrichlorosilane. The mixture was heated 8 hours and 
gave 10,7 g (ylicld 41%), 


i 
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TABLE 1 


| MEp found = [Calculated 


Di-p-tolyldimethylstlane, To p-tolyliidium, ;tepared from 35,4 g Utnium and 425 g prbromotoluene, 


was added 129 g dimethyldichlorostlane, and the mixture was heated 8 hours, Yield 160 g (67%, 


Di-p-tolyldicthylstlane, To p-tolylithium, prepared from 13 g lithium and 115 g p-bromotoluene, was 
added 50 g diethyldichlorosilane, The mixture was heated 8 hours, Yield 67 g (78.6%), 


Di-p-tolyldipropylsilane,_ To p-tolyllithium, prepared from 7 g Uthium and 70 g p-bromotoluene, was 
added HA g dipropyldiethoxysilane, The mixture was heated 8 hours, Yield 16 g (32.7%), 


Fractional distillation of the mixture gave also 9 g prtolyldipropylethoxysilane (yield 21.7%), 


Di-p-tolyldibutylsilane, To p-tolyllithium, prepared from 10,5 g lithium and 114 g p-bromotoluene, was 
added 71.4 g dibutyldibromosilane and the mixture was heated 8 hours, Yield 52 g (71,2%), 


Di-p-tolyldilsobutylsilane, To a mixture of p-tolyl magnesium bromide, prepared from 27 g maguesiun 
and 180 g p-bromotoluene, and Lebutyl magnesium bromide pespared from 27 g magnesium and 140 g isobutyl 
bromide, was added 85 g silicon tetrachloride, The mixture was heated 10 hours, Yield 26 g (16%), 


Di-p-tolyldilsoamyls!ianc, To tsoamyllithlum, prepared from 4 g lithium and 32,5 g lsoamy! bromide, 
was added 20 g di-p-tolyldichiorosilane, The mixture was heated 8 hours, Yicld 9.5 g (38%), 


Trizp-tolylmethylsilane, To methyl magnesium fodide, prepared from 15 g magnesium and 56 g methyl 
lodide, was added 50 g tri-p-tolylethoxysilane, After removal of the ether, the reaction mo «cure was heated 
Whours at 107, Yield 18 g (39.5%), 


To petolytlithium, prepared from 10 g Uthium and 102 g was 
added 22,8 g cthyltichlorosilane, The mixture was heated 10 hour, Yield 38 g (53%), 
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TABLE 2 


Calculated 
Bp. °C/nim %, 

Formula of compound ; : | 

c H 


mercury 


197—200/4 | 91.5 ~92.5 | 83.40/7.04 


4.7018. 
(c4-€_S-) 197—199/3 88. 74)8.43 


wae $27.6 


Tr -p-toly!propylsftane. To propyllithium, prepared from 12 g lithium and 90 g propyl bromide, was 
added 70 g tri-p-tolylethoxysilane, The mixture was heated 10 hour. Yield 23 g (33.1%), 


Tri-p-toly!butyisilane, . To butyllithtum, prepared from 4 g lithium and M4 g butyl bromide, was added 
25 g tri-p-tolyicthoxysilane. The mixture was heated 8 hours, Yield 3 g (50.4%), 


Tri-p-tolylisobutylsiiane, Te p-tolyllithium, prepared from 8.75 g lithium and 85.5 g p-tromotoluene, 


was added 33 g isobutyltricthoxysilane, After the ether had been driven off, the reaction meno was heated 
10 hours at 100°. Yield 23 5, (43% 


Tri-p-tolyllsoamylsflane. To isoamyllithium, prepared from 1 g lithium and 6,5 g fsoamyl bromide, 
was addcd 15 g urt-p-tolylethoxysilane, The mixture was heated 8 hour, Yield 7 g (43.5%), 


All of the tri-p-tolylalkylsilanes were recrystallized from ethyl alcohol, 
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DEPENDENCE OF THE RELATIVE HEAT RESISTANCE ON COMPOSITION 
IN THE SYSTEM Cu-Ni-si 


| 1. I. Novikov and L. I. Dautova 


(Presented by Academician A, A, Bochvar, January 24, 1957) © 


Numerous investigations have been devoted to the correlation of heat resistance with the phase diagram, 
The mala types of heat resistance/composition diagrams have been derived on the basis of investigation of 
concrete binary systems and individual cuts of multicomponent systems (1-4), 


In the investigations of A, A, Bochvar and M, V, Zakharov (2,3,5) an important role in the improvement 
of heat resistance was attributed not only to the alloying of the main solid solutioa but also to the structure and 
propertics of the excess phase co-existing with this solution, 


In many papers of L, L. Kornilov, emphasis fs placed on the specific role of the solid solution the maximum 
heat resistance Js often associated with a sold solution saturated to the mit (4,6,7}, 


The accumulated experimental material shows that the character of the dependence of resistant propere 
ties on composition undergocs charges under the influence of varicus factors such as the temperature [2,3,8,9}, 


The influence of the nature of the co-existing phases on the character of the dependence of heat resist 
ance on the composition ts conveniently followed with the help of radial sections of the complex temary system 
{a which second phases differing {n properties and structure border on the maia solid solution, As far as we 


know, this approach to the study of the dependence of heat resistance oa compositipn has not previously beca 
tried, 


The system selected for investigation was Cu-Ni-Si in which at 700 the mala solld solution on the basis 
of copper coexists with phases of various naturee the compounc NigS!,, y “phase (Cu-Si) and the ternary come 
pound of the o-phase (Fig, 1)(10}. 


The relative heat resistance was evaluated by Jong-term hardness tests{11}, The long-term hardness 
was measured at 700; indentations were made with a cone of refractory stce} with an angle at the vertex of 00, 


Cu-Ni and Cu-Si binary alloys arid the ternary alloys present in six radia) cuts were Investigated (Fig, 1) 


The long-term hardness was determined on specimens cast in a graphite mould without any preliminary 
heat treatment, This procedure was followed because the silicon-nickel bronzes are of interest as matezials 
for certain cast articles used at high temperatures, 


Results of tects are plotted in “long-term hardness/composition® diagrams (Figs, 2 and 3), 


Microscopic examination showed that the alloys with maximum long-term hardness sometimes consisted 
predominantly of one phase and were at others times more or less heterogencous; in the latter case the second 
phase was casily visible undcr mediuin magui fications, 


In Fig, 4 the curves of equal Jongeterm hardness at 700 (tsoscleres) are plotted in a triangle of concentra= 
tlon, Here again we show the microscopically established limit of the single=phase region for specimens cast 
in a graphite mould, 


. 
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Fig. 1. Isothermal section’of the system Cu-Ni-Si at 700 
(19. Numbers in brackets are the serial numbers of the 
sections, 


@ 


Long-term hardness 


“40 fa weight% 


Fig, 3, Long-term hardness at 700 as a function of 
composition in the Cu-Ni,Si section, 


0 weight % 


(Wie Si) The different position of the maximum of heat 
. resistance relative to the boundary of the single-phase 
region may be accounted for If ws take into considerae 
tion the relative loag-term hardnesses of the second 
_ Numbers in brackets are the serial numbers of the phase and of the 
cuts (sce Fig, 1); 9) system Cu-Nij 7) system Cu-8i, 


In alloys of the first, second and third cuts, ia 
which the riaximum of heat resistance Hes in the 
two-phase rgion, the second phase fs not the compound Ni,Si (as previously assumed) but the solid solution on 
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the basts of ihe stlicide NigSt, (fig. 1){ 10,12). The heat-resistant phase NisSl,, which is distributed along the 
boundaries of the dendrites, has a blocking effect on the copper solutiou and increases the heat resistance of 
the alloy. 


Mi, weight 


Fig, 4. Curves of equal long-term hardness (isoscleres) at 700 in the system 
Cu-Ni-Si; a) maxima of long-term hardness; b) boundary of the singlee 
phase region, 


Excessive heterogenization of alloys of the first, second and third cuts leads to lowering of the heat ze= 
sistance, This ts possibly because, with enlargement of the interphase surface, the effect of the *solution pree 
cipitating* mechanism of plasticity {5) ts Intensified, The solubility of nicke) and silicon in copper markedly 
diminishes with falling temperature (10), while the compound NigSig itsclf is capable of dissolving a large quane 
tity of copper [12} 


A fresh increase in heat resistance ts observed with a very high content of NigSi, in alloys (Fig. 3) The 
explanation {s that a decisive part in these alloys ts played not by the interaction of the two phases but by the 
great hardness of Ni,Si, which becomes the main alloy, 


In the system Cu-Si the maximum heat resistance is manifested by the a’loy with the minimum content 
of y ~phase, since this phase ts slightly more heat-resistant than a solution of silicon in coppez, 


In the fifth and sixth sections, the maximum of heat resistance occurs in the single-phase regioa of the 
solid solution, Alloys of these cuts with solid solution on the basis of copper are bordered by a ternary come 
pound (o-phase) formed by peritectic reaction at 915° (10,12) (Fig, 1) The test temperature of 700 is.a high 
“homologous” temperature for the o-phase which fs evidently not heat-resistant under these conditions, Dee 
velopment of o-phase in the alloy leads to lowering of the heat reststance, 
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A slight second rise in the long-term hardness curves of the fifth and sixth cuts is caused by premature 
development of y -phase duc to non-equilibrium crystallization; this phase {s slightly more heateresistant than 
a-phase, 


A considerable influence upon the magnitude of the long-term hardness valucs of the alloys, including 
alloys with a heat-resistant second phase, is ererted by the alloying of the inain solid solution, The relation 
between heat resistance and alloying of the solid solution on the basis of copper is clearly illustrated by the 
following comparison, Silicon in the binary syztem CueSi increases the heat resistance of the solid solution 
less markedly than nickel does in the binary system Cu-Nt (compare curves 0 and 7 in Fig. 2). At the same 
time, the portion of the frosclere in Fig, 4 shows that partial replacement of nickel in the solld solution by 
silicon (copper content remaining constant) leads to increased heat resistance, Thisreficcts the favorable cf 
fect of complex alloying of the solid solution (13), 


Consequently, the maximum of heat resistance on the radfal cuts of the ternary system Is, in general, 
either in the two-phase (alto fn the threesphase) region or in the region of the unsaturated solid solution, Coins 
cidence of the maximum of heat resistance with the boundary of the solid solution constitutes a spectal case, 


The ielative heat-resistant propertics of the solid solution (basis of the alloy) and the excess phase have a great 
influence upon the position of the maximum of heat resistance, 


To the thtce schemes of M. V. Zakharov for the rctation between heat resistance and composition (2) 
must now be added a fourth scheme of great practical importance: the rise of the heat resistance to a maximum 
located in the heterogencous region, followed by a fall of heat resistance to a flat minimum, and a fresh rise 
in heat resistance right up to the compositioa of the second phase (Fig. 3). . 
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oa the ash-free cellulose, are given in Table 1, 


TABLE 1 


MILLENIAL AGE | 


Elementary Composition of a -Celluloses of Various Ages (in %) 


PROPERTIES OF @-CELLULOSE DERIVED FROM FOSSIL PINEWOOD OF 


A. I. Skrigan, A. M. Shishko and R. G. Zhbankov 
(Presented by Academician 8A, Arbuzov, January 28, 1957) 


Production of cellulose and hemicellulose from pine stumps in peat deposits is particularly important 
for the Belorussian SSR. Examination of cellulose derived from wood of various ages (from one year to 140,000 

years) enables us to trace the processes of chemical transformations taking place at comparatively low temperae 
tures in the coune of many thousands of years and without any complicating of extrancous factor, 


Investigations of the terpenes, resin acide and wood of thousand-year old pine stumps (1) showed that 
growth {s accompanied by processes of hydrogenation an4 dehydrogenation within the mass of vegetable tissue 
that resemble the hydrogenation-dchydrogenation catalysis of N. D, Zelinsky (2Z}, At the same time processes 
of decarboxylation and detachment of side chains take place. Processes of dehydration and disproportionation 
of hydrogen lead to formation from the resin acids of the hydrocarbons fichtelite and retenes carbocyclic come 
pounds are formed from the ca:bonaceous postion of the wood 


The nature of the trensformations of a-cellutose in dependence oa the age was studied by chemical 
(3-7) and ptiysical methods, but elso in particular by the method of fofrared spectrossopy, 


The celluloses were extracted by the sulfate process, Isolation of a-cellulose from the specimens of 
various ages was effected by treatment of bleached and unbleached cellulose with 17.5% NaOH solution, 


The content of a-celiuloses fs least !s young celluloses a month to a year old (81-82%); it reaches its 
maximum {in celluloses from 190-500 year wold trees, and gradually falls off again with increasing age, Theis 
content {s 88% in cedluloses of interglacial age, and these celluloses contain the smallest amount of alkalle 
soluble substances after. thels treatment with bleaching powder, Thus, the young celluloses are the least homo- 
geneous In composition, and the interglacial celluloses are the most homogencous, 


Results of determination of the elementary composition of dry a -celluloses of various ages, calculated 


Trunk, 140,000 years 


Source of the -cellulose Cc H 
July shoots, 1 month “,28 6,63 49,09 
Year-old shoots 44,38 6.50 49,12 
Trunk, 100 years 44,40 6,21 49,39 
Root, 500 years 44,54 6.18 49,28 

* 1000 yearn 44,61 6,12 49,27 

© 3000 years 44,79 6,01 49,20 


j 
45,18 49,01 


It follows fiom: tre duta of Table that with increating age of the cellulose, {ts cenient of carbun ine 
creases slightly and dhe amount of hydrogen and oxygen decreases, 


Infrared transmission spectra of a-cellaloses of different ages were obtained with the help of the IKS~11 
infrared spectroscope in the 2 to Ty region under constant conditions, Specimens were examined in the form 
of semitransparent films formed by compression (10 tons/cm’) of fibers of & “celluloses (8,9). 


The specimens were thoroughly dried in vacuum over PO, for 5-6 days, In addition, during the plotting 
of the infrared spectra they were placed in a spectal airefree cell over PO. Whenever possible, a supp icmentary 
check was made on the 6,07 y band (deformation vibration of the water molecule) Concordant absorption fa 
this region indicated that the quantity of combined water in the specimens under comparison was the samme, 


The error tn the determination of the absolute coefficient of absorption was 5-10% and the error fn the 
relative comparison did not exceed 2*3% since unavoidable errors involved in determination of the thickness 
of the specimens were excluded, as were also errors due to probable differences in non-absorbed Ught losses 
of different specimens and to possible variations in their density, etc, All the Investigated specimens were pree 
pared under completely identical conditions, In Fig, 1 are plotted the spectra of @-celluloses derived from 
Pinewood, On comparing the valves of the coefficient K in the region of approx, 3y for a-celluloses of dife 
ferent ages, we see that the number of hydroxyl groups ts the highest in the youngest (June) a-cellulose, The 
number of hydroxyl groups falls with increasing age. The decrease in the proportion of hydroxyls in interglactal 
@-cellulose fs not associated with the development of the double C=C bond since this would have tnvolved aa 
increase of atworption tn dic 6 y region, aad such an increase was not observed, A strong band at 3333 em 
is observed tn all of the spectra of the a-celluloses, indicating that the majonty of the hydroxyl groups in all 
samples are linked to a hydrogen bond; even in the youngest (Junc) @-cellulose, nearly all of the hydroxyls are 
linked to a hydrogea bond, 


Fig, 1. Spectra of a-celluloses obtained from pinewoods of various ages, 

1 V) May; 1 VI) June; 1 VI) July; 2) one 3) trunk, 100-years; 4) 
root, 115 years; 6) root, 1000 years; 8) root, 3000 yearsy 12) trunk 140,000 
years; 13) root, 150,000 years, 


Nitrates of a-ceiluloses were prepared by treatment with HNO,, density 1,50, in presence of H,PO,* HO 
and P,O, att = & for 6 hour by the Staudinger method as modified by Tsvetacva and Nikitin{10, Results of 
examination of the nitrovelivloses and of determination of the degree of polymerization of the @ -celluloses 
of different ages are presenicd in Table & 


Table 2 indicates that the degree of polymerization of a-cellulose falls with increasing age, 


Analysis of the spectra of the varlow nitro-~a celluloses (Fig. 2) confirms that the number of nitro groups 
is highest in year-old nitto~a-cellulose, The nitro-a-cellulose from a century-old tree contains approximately 
the same number of nitro groups, There are appreciably tewer nitro groups in interglacial nitro~a-cellulose, 
The shift of the absorption bands of the OH groups in-nitro~a -celluloses from 3333 to 3550 cm may bs ace 
counted for by the rupture cf the hydrogen bonds on nitration cf cellulose (11), 
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TABLE 2 


Specimen Source of unbleached Nitrogen, con-| Degree of tub= Degree of polymerfzae 
number a-cellulose : tent, stitution, tion 


1 May trunk, 1 month 12.74 1200 
2 Trunk, 1 year 1245 1200 
3 Trunk, 100 years 12,02 1100 
§ Root, 500 yeazs (0,5 m) 1211 940 
6 Root, 1000 years (1.0 m) 11,98 920 
8 Root, 3000 years (3 m) 11,86 920 
12 Trenk, 140,000 years (sapwood) 11,82 580 
13 Root, 140,000 years (section) 10, 26 660 


Acetylation of a-celluloses of fossil teccs was conducted in a hetcrogencous medium and under mild 
conditions with a mixture of (C11,CO),O (8.417 d), Cghtg (19,41 d) and 11,504 (0,16 d), where d is the weight 
of a-cellulore, The content of CH,CO groups in the acctates falls slightly with Increasing age of the celluloses, 


The spectra of the a-acetylcelluloses are plotted in Fig. 3, which shows a-acetylcelluloses are charac- 
terized by a new absorption band for the CO groups in the 1730 cm™ region, A study of this band reveals that. 
most acetyl groups occur in July a-acctylcelluloses, a smaller amount in the 100-ycar old product and still less 
in the 1000- year old and the interglacial product, 


ry 


2 


uy 
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Fig, 2, Spsctra of nitro~a-celluloses, See Fig, 1 for key. 


Investigation of the exchange reaction of hydiogea with deuterium in the hydroxyl groups of cellulose 
showed thar the hydrogea ators of not all ef the hydroxy! groups enter into reaction (12), Replacement of 
hydrogen by deuterium in the hydroxyl groups of different a-celluloses was carried out for 4 hours at 25° (short= 
period), 116 hours at 55° and 270 hours at 25° ¢long-term), The spectra of the different a -celluloses deuterated 
for these various periods are plotted in Fig, 4, Examination of the new band in the 2500 cm™ region, which 
Hiterature data unequivocally assign to the vibration of the OD groups, shows that both long-term and short-term 
deuteration give substantially identical results, This Is confirmed by the spectrum at the top of Fig. 4 where the 
broken line relates to the spectrum of preparations which had undergone short-term ocuteration ant che solid 
line relates to those which had undergone long-term deuteration, The intensity of the 2500 cm™ band is greate 
est {a June a-cellulose, lower in the 100-year old trunk and rather Jower again in interglacial cellulose, 


Investigation of the hydrogen bond in the various @-celinioses with the help of the infiared ibsorptioa 
spectra showed that most hydrogen bonds are apparently present in June and interglacial a -cellulose, 


In order to determine the content of Cll, groups in the verious a -celluloses, we carried out incasurements 
of absorption in the region of the deformation vibration of the CHy groups (1430 cm™), Inspection revealed 
a slight tendency towards increase in the conteat of CHy groups with focreasing age of a -celluloce, 
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Fig. 3. Spectra of o-acctylcclluloses, a) after acetylas 
tion for reveral days; 5) after acetylation for 35 days. 
Sce Fig. 1 for key. 


Consequently, the a-celluloses originating from pine woods of various ages undergo processes of dehy 
dration and hydrogenation with progressive aging ia a similaz manner to terpeacs and resia acids, 


The author consider it their pleasant duty to exe 
press thanks to Professor M. N. Shorygina and to Academie 
cian of the Acad, Sci. Belorussian SSR B, L Stepanov for 
help in the interpretation of the infzared spectra of the 
substances investigated, 
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ELECTRON PARAMAGNETIC RESONANCE IN SOME CHROMIUM -CONTAINING 
AROMATIC COMPOUNDS OF SANDWICH STRUCTURE 


Yu. D. Tavetkov, V. V. Voevodsky, G. A. Razuvaev, Yu. V. Sorokia 
and G. A. Domracheyv 


(Presented by Academician A, N. Nesmeyanov, April 19, 1957) 


Interest has recently increased greatly in the investigation of compounds with a sandwich structure of the 
type of ferrocene Fe(Cytls)y, the ferricene fon (Fe(C,H,),J* and analogous molecules with aromatic addenda 
Cr al, (Cu etc. In spite of the large number of publications in this ‘ficld, there fs still no general 
theory te account for the data on the layer structure of these molecules. The very fact of their formation and 
stability has not been adequately explained on the basis of the gencrally accepted concepts of valence, The 
data obtained up till now indicate that in the majority of compounds of chis type the bond between the addends 
and the complex-forming atoms has a covaleat character, This is supported, in particular, by magnetic mease 
urements which indicate that these substances are either diamagnetic or possess a magnetic moment corresponds 
fag to one, two or (at the most) thes unshared electrons (1), whereas the fonic saits of the same nictals possess 
a considerably higher paramagnctism, 


No papers describing the results of investigation of such compounds by the method of electronic paras 
magnetic resonance (EPR) have hitherto appeared, Such measurements can-prove extremely useful for elucidae 
tion of certain details of the structure of molecules with sendwich structure? 


The present work devoted to measurement of the apectrura of the following compoundz 
(11), Cr (I) The static riagnethe prrmeability of these substances 
corresponds to one unpaired electron [4], 


Our measurements were carricd out with a superhcterodyne EPR apparatus constructed in the Insticute of 
Chemical Physics of the Academy of Sciences of the USSR and working at a frequency of approx, 9000 
megahertz, The sensitivity of the seteuy to observatiom of the cecillograph pulses corresponds to 10 moles 
cules of the standard radical of diphenyl-picryihydrazine (DPPH), The widths and gfactors of the paramagnetic 
absorption Lincs were measured with the help of a nuclear emitter, Photographs of spectra of eompounds 1, 0 
and I in polycrystals are shown in Fig, 1 which also includes the signals emitted by the standard specimen of 
DPPH, Below are given the g-factors of these substances ia relation to DPPH (g = 2,0036) from the maximum 
of the absorption curve together with the corresponding half-widths of the lines, 


I 
~factor 1.9754 0,001 1.9874 0.001 1.9934 0,007 
AHy (oerst.) 3842 242 2642 


The absorption curves in Fig, 1 for compounds I and 1] are markedly asymmetric, dus to the anisotropies 
of the g-factor. On replacing I” By (OCIi,), this asymmetry substantially vanishes, It also disappears whea 
these compounds are dissolved in organic solvents and in water, Io solutions of compounds I, II and II the 
half width of the absorption curve is constant and amounts to 1742 ocrst,, while the g-factors of all of the come 
pounds have the identical value of 1.9844 0,001, 

* Lutze (8) has attempted to obtain the electronic paramagnetic resonance spectra of the bicyclopentadienyls of 


fron, chromium, nickel aid magnesium, No paramagnetic resonance pulses, however, were detected at room 
temperature, 
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The most significant feature in connection with cur understanding of the structure of molecules of chrom= 
jum-containing aromatic compounds seems to be the ultra fine structure of the absorption curve ef compounds 
and tllin solutions, We failed to detect an ultrafine structure of the curve for compound L. The absorptioa 
spectrum of compound II] in aqueous solution is shown in Fig. 2 The concentretica corresponded to 107'M, 
The spectrum cemprises at least 7 components with ultrafine structure with a distance between the components 
of 2540.2 0cmt. We also observed a similar ultrafine structure for compound I, A spectrum of this type ts 
developed by interaction of an unpaired electron of a molecule with the magnetic nuclear moments of several 
hydrogen atoms entering into the comperition of the molecule, Since in compounds II and Il the hydrogea 
atoms are exclusively in the aromatic rings, the presence of ultrafine structure signifies that the unpaired elec 
tron has a density differing from zero in the aromatic addends of the complex, We surmised that the total width 
of the absorption curve in a solution of compound 1 is also governed by the components of the ultrafine structure, 
In that event, replacement of H by D in the aromatic rings Of compound I ought to lead to decrease in the width 
- of the sbrorption curve (5), This was checked in special experimeats,® 


Fig. 1. Paramagnetic resonance spectrum of chromium-coataning organic 


compounds in polycrystals a) (Ie &) 
Cx CHg~-Cels),OCgHs (LT). On the Icft is the signal of the standard (DPPH), 


The existence of an ultrafine hydrogen structure of the EPR spectrum may be explained in two ways, 


1, The unpzired electron and the positive charge of the complex are localized at the chromium atom, 
‘A rough calculatioa made on this basis shows that the density of the unpaired 34-electron at the sites of the hydro- 
gen atoms of the aromatic rings Is sufficient to give rise to the ultrafine resolution of the EPR spectrum, 


2 The unpaired electron and the positive charge are localized in the aromatic addends of the complex, 
Ia this event the ultrafine structure is caused by interaction of the unpaired g¢ electron of the aromatic ring 
with the hydrogen atoms of this ring. The magnitude of the resolution, the uumber of components and their 
relative intensitics depend in this event upon the distribution of the electron density round the molecule of 
addend 


The first hypothesis is supported by the following fact a) The occurrence of anisotropy of the g=factor 
in compounds J and Il; b) the magnitude of the g-factor is lower than that of the g-factor of the free electroa 
(2,0023)(7}, With this hypothesis, however, it 's impossible to explain the absence of ultra-fine structure in 
the case of the dibenzene=chiomium ion, Considerable difficulties also arise in this case fa sett to ine 
terpret the number of components <f the ultrafine structure and their relative — 


* The experiments were camied out in our laboratory by V, M, Cthibrikia, 
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If we assume that the unpaired electron is localized 
at the aromatic addends of the complex, then the number 
of components and their relative intensitics can Le satise 
factorily accounted for {a the case of the bis-d'phenyle 
chroinium ion, The calculation was carried out on the 
assumption that the electronic density at the H atoms 

in the para position in bis-diphenyl-chromium is double 
that at the H atoms in the ortho position and that the 
hydrogens in the meta position do not participate in the 
resolution of the levels, The absence of an ultrafine 

q structure on passing to the dibenzene-chromium fon cana 
j then be accounted for by the increase in the number of 
components of the ultrafine structure and, evidently, by 
a decrease in the distance between the components, With 
the given homogencity of the constant of the magnetic 
y field, these factors prevent resolution of the components 
: of the ultrafine structure in the dibenzenc-chromium fon, 


: The truc picture of the distribution of the density 
E. of the unpaired electron in the investigated compounds 
evidently involves both of the two limiting cases cons 
sidered above, A solution to the problea of the precise 
Fig. 2, Ultrafine structure of the paramagnetic distribution of the density of the unpaired electron nece 
resonance spectrun of 0,01 M solution of come essitates a quantitative interpretation of the data for the 
pound Iii, anisotropy of the g-factor in these compounds, 


So far, however, the xeray structural data required 
for this purpose are not available, The problem can also be attacked by a study of the ultrafine structure of 
the EPR spectrum of compounds of types I and I] with various numbers of different substituents in the rings, as 
well as of analogous compounds containing the fsotope Cx® posessing an inherent nucleat moment which would 
be capable (in the event of validity of the first hypothesis) of sharply altering the ultrafine structure of the spece 
trum. 


In conclusion the authors express thelr profound gratitude to Frof. L. A, Biyumenfeld for his help in the 
evaluation of the results, The authors are also extremely grateful to Prof, B, K, Shembelo, V. M. Chibrikia 
and Yu. N. Molin for valuable advice and hep during the investigation, 
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CONTRIBUTION TO THE QUESTION OF CONJUGATION IN BUTADIENE. 


M, I, Batucy 
(Presented by Academician I, N, Nazarov, April 25, 1957) 


As is well known, the additions of halogens and hydrogen halides to the simplest of the # -conjugated 
systems, 1,3-butadicne, proceeds as a primary attack in both the 1,2- and 1,4-positions, one or the other pre- 
dominating depending on the experimental condittona, In the theory of Ingold ct al,, this dual reactivity has 
the foliowing explanation [1}, 


*There are two factors in reactions of x -conjugated systems; the static factor of conjugation (mesomeric 
effect) and its dynamic factor (clectromere effect)® (2) The fint factor ts developed in the unrcacting mole- 
cule, the second — at the instant of reaction, 


The effect of static conjugation ts dependent on the predominance In the unreacting butadiene molecule 
of Structures 1 avd 11 out of all the structures, 1-V and others {3, 4), considered in this dicory on the basis of the 
quantuin mechanical description of the molecule by the localized pals method, In another mode of designation, 


identical in principle (5, 6), the effect Is dependent on the predominance of the electron shift lia (1¢+1l) (1, 7, 
out of all possible shifts, Ma-Va and others; 


8 a v . 


In ather terms, the effect of static conjugation (mesoincrism) {3 also characterized In an equivalent manner 
by the following, In a #-conjugated systein, *the p-orbital of the central atom, Cy, overlaps to an equal extent 
with the p-orbitals of both of the neighboring atoms® (5) (Figure 1), *The #-clectron density In all bonds ts 
leveled out to @ greater o¢ lesser degree, and the difference between the bonds fades away* [5], to wit: *the 
usual value for the C—C bond length, 1,54 A, is Gecreased fn butadiene to 1,48 A, The C =C bond length, on 
the contrary, fs somewhat increased® (9}, All of this means that “conjugation of double bonds a factor which 
is reflected tn the urecacting molecule® (2}— insofar as the. observable effect of static conjugation is concemed, 
Hes, perhaps, in a certain mesomeric state of the molecule, In a butadicne molecule in this state, "the 1,4-atoms 
have a partial free radical character® (4), a centering of the electron density takes place on them [2], a decrease 
in the covalency of these atoms occurs (1,7,10-12}, which also guarantecs "increased reactivity of the l- and 
4-atoms® (2), L,¢,, favorable conditions are created for the attack on these atoms of a positive fon of an electro- 
phylic reagent, 


At the Instant of an attack the dynamic part of the conjugation effect (the clectromert: effect) comes 
into play — @ *summons® [2) for an electron proceeds along the readily polarizable system of conjugated bonds 
in addition to the clecuon density already centered (owing to the static part of the conjugation ¢ffoct) at this 
atom — the specific importance of clectromeric shifts of ie type Ila-Va cte, (structures etc.) is increased, 
This is culminated In tho addition to an atom in the l= or 4-position of a positive ton X (X = Ht, CI*, Br 
with the slmaltancous formation, in the terms ef Ingold (13) and Baker (13), of # mesomeric carboniun fon, or, 
in the terms of Whetand (3), of the corresponding resonance hybrid; 
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ot, in other rotation, Just mesomerisn of this curbontuin fon alone determines the further dual 
vin 


course of the addition reaction, according to the theory under consideration, Ingold wrote reactions 
of additvon to confugated systems, the intermediate corboutum fon it, of course, mesomerte, having, therefore, 
Iwo Mote petitions foe neutralization in one molecule in the flaal stage of the additton® (the 2- and 4-post- 
tens in butadiene), In references 2, 14-16], this presence of two neutralization centers is explained in new 
ters: “inherent center® (in fon VEEL, atom 2) and “transfer of the reactive center of the molecule along the 
of conjugated bonds® (in fon VITE in atom 4), By the tenn *transfer of the reactive center® fs cimphastzed 
the isclessness of the assumption of the separate, independent existence of molecules VE and VIL as fsomers tn 
the tautomeric process VIS VIL in order to explain the dual reactivity of conjugated systems,¢ "Dual reactl- 
vity 1¢ guatanteed by the conjugated system® 12], fn 1,3-butadlene by the mesomeric state of one particle, the - 
tou VEL VID, by the presence in it of conjugation and the delocalization of electron, ; 


The theory being considered rests on hypothetical assumptions 
conceming clectron shifts which do not correspond tu the facta, Exe 
perimental data refute these assumptions, 


| An undoubted experimental fact ts the shortening of the carbon- 
carbon single bond in Sutadicne (1,46 & 0,03 A) in comparison with the 
carbon-carbon bond in ethane (1,54 0,03 A), This shortening is 
side the limits of experimental error, The difference in the results of 
incaturements of the interatomic distance of C=C in butadiene (1,35 
A) and in ethylene (1,353 0,001 A, 1,348 6,02 A, 1,33 A) lies 
G, ¢, e wholly within the limits of experimental error, and according to the 
' available data it is possible to speak of both a lengthening and @ short- 
Fie. 1, Overlaping of p-orbitals ening of this distance (17), But data on the vibrational frequencies, 
in a coningated system of # -bondy which are obttined with enormously greater accuracy than are data on 
interatoinic distances, Indicate enly a shortening of the interatomic 
distance in butadiene; the characteristic frequency of C=C in butadiene (1638 cm!) Is substantially higher thanin 
ethylene (1621 em™); tis increase Lies outside the Hinits of experimental error, and it means that the Interatom- 
te (eC distance Is less In butadicne than in ethylene (18), Le, onc cannot speak of a mesomeric cffect of 
static conjugation in butadiene of the type Ma (Ill), 


According to this theory, this effect should be still more clearly evident in dlacetylene, However, the 
expertineatal data indicate the complete absence of it, Actually, the carbon-carbon interatomic distance in 
diacetylene is sharply decreased, being 1,36 ¢ 0,93 A as against 1,46 @ 0,03 A in butadiene and 1,544 0,03 A 
in ethane. But along with this, the CeC distance In diacetylene (1,39  0,03A) as compared to that In acety- 
fene {1,205 ¢ 0,008 A) not only fs not lengthened, but, beyond all doubt, is shortened (17}, as Is also indicated 
hy the very significant (209 cm™4) increase in the vibrational frequency of the CaC bond in diacetylene (2183 
cm in comparison with that in Scetyiene (1974 


The very history of the development of these “duinb-bells” (* figure eights") in the theory of # -conjugated 
systems is elogucnt on the usclessncss of the quantum mechanical scheme of Figure 1, The “figure cight® first 
appearcd as @ graphical representation of the results of simplified calculations of only one of the members in 
the well-known expression in polar coordinates for the probability of finding a single valence clectron of hydro- 
gen or hydrogen-like atons in the vicinity of the nucleus in relaiion to only one polar coordinate — the angle 
9 (*the lautude*), Specific characteristics of this vase are spherical symmetry of the ficld, a single valence 
clecton, and the absence of the effect of an external ficld, In the presently considered theory, the thus obtained 
“figiwe cight® was transferred to the p-electrons of a carbon atom as the *chief clement® and was included in 
the e-.tremely simplified calculations of complex molecules with multiple bonds, the result of which was, in 
particular, the quantum mechanical scheme of Figure 1(4,5,20-22), This tansfer was made in spite of the fact 
that there ts no spherical symmetry of the cenwal ficld at the carbon of the molecules being considered, there ts 
the effect of the fields of neighboring atoins, and there are four interacting valence electrons, 

“It is more correct tocomider as tautomerisn only the fleld of phenomena forseen by Butlerov— the field of 
ble cyuilibrium isomerization, Then the other ficld Ishounded= the phenomena of dual reactivity and the field of the 


transfer of the reactive center of a molecule asa resultof the phenomenon of resonance and of partial resonance -hy= 
perconjugation coupling® [ 15}, 
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“If the scheme of Figure 1 reflected the real facts, then all of the C=C bonds in butadiene would have to 
be considered equivalent, However, ax we have scen, the interatomic C~C distance in butadicne is close to 
that of a single bond, and the C=C bonds are shortened, A similar non-cquivaleney of the Ce C aud C~C bonds 
also occurs in diacctylene (sce above), 


From the experimental data cited it follows directly that one of the pairs of # -clectrons in butadiene ts 
fn the possession of the 1,2-carbon atoms, while the other isin the possesion of the 3,4-carbon atoms, One of 
the clearest proofs of this localization of electrons by bonds ts the structure of diacetylenc; the shortening fn it 
of the C-C distance (1,36 A) to the length of the interatomic distance in the C=C double bond (17] tt not ac- 
componicd by the appearance of a corresponding characteristic vibrational frequency, since this would require 
the possession of a second pate of ciectrons (x -clectrons) by the 2,3-atoims, which Is actually not the case; the 
two pains of r-clcctrons are strictly localived in the bonds of the 1,2- and 3,4-carbon atoms, guaranteeing full- 
valucd ethylenic bonds (even more shortened and stable), 


The mutual interaction of these pairs of #-clectrons, which ts confirmed by u, v, spectra (25) cte,, loads 
to the two results stated above; 1) a shortening of the singte C=C bonds in a # -conjugated system without 
conversion of the single bond to a double bond;* 2) a shortening of the multiple bonds, 


The region in butadiene most enriched with clectrons is the region of the 1,4-atoins with incthylene, and 
not methyne, groups, as is indicated by the higher vibrational frequency of methylene groups, particularly in 
their asymmetric vibrational state (18,26) It is natural that the positive fon X (X = I cit, Brt) of the reagent 
is directed to these regions of the molecule; being polarized at the end, they are added to one of the multiple 
bonds of the system with the formation of the ion xi,6-Chec-ch,, This is the fit stage of the reaction, 
which eccurs in due course, The addition of the positive lon proceeds at the expense of equalizing the pair of 
#-clections of the luteracting pair of #-electrons of the conjugated system, This equalization imparts to the 
remaining pale of # -cloctrons a conesponding impulse, reinforcing the swongly Increased clectronegativity of 
the C* carbon atom, which creates favorable conditiur for the transition of 1X to X, But the presence in X at 
the end of the chain of the strongly clectroneystive Ct atom in tum, under the appropriate conditions, promotes 
the transition of X to TX, Le,, a tautomerism between carbouiuin jons is established: 


1x x 


This is a case of two tautoincric lons differing In chemical structure (in order of the bonds), and Is not 
acasc of a single mesomeric of hybrid Jon (IX4-> X), Depending on the conditions ef the reaction, the addi- 


tion of the negative Jon can be to fon 1X ac the 2- position (1,2-reaction) or to jon X at the 4-posd- 
thon (1,4-reaction), 


From the above, it is evident that the dual reactivity of tutadicne — addition in the 1,2 and 1,4-posi- 
tions ~ Is explained by the entirely separate existence in space of tons 1X and X differing in thelr chemical 
structure, ang rcarranging tautomerically one into the other with the passage of time, and entcring into the re- 
action In its final stage — the addition of a negative fon to butadiene, 
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POLYMORPHISM OF THALLIUM BISULFATE 


N, I, Bashilova 
(Presented by Academictan G, G, Urazov, December 6, 1956) 


Thallium bisulfate crystallizes from aqueous so)utions of sulfuric acid as tetragonal plates and as prisinas 
tic necdles {1-5}, In this connection, it has been proposed that the compound fs dimorphic (1,2,6] The exe 
istence of two modifications of TIHSO, was confirmed by us by crystallographic investigation [5], 


It appeared neccesary to clarify the nature of this polymorphic tansformation, and to determine the tem=- 
perature and the conditions for stable existence of each of the modifications of thallium bisulfate, With this 
aim, and also with the aim of discovering still unknown phase tansformations in the solid state, we lnvestigated 
TIHSO, by thermographic analysis, 


Fig, 1, Heating curve of a-TIHSO, (a) and & -TIHSO, (b), 


The thermographic analysis was carried out using an N, S, Kurnakov recording pyrometer with a chromel- 
alumel differential thermocouple, In order to obtain highly reproducible data, such data being required for the 
consparison of the thermograins of the two (5) modifications of thallium bisulfate, monocrystals (5) of cach 
modification were separately subjected to thermographic investigation, Thermographic recordings of the heate 
ing and cooling curves were ovtained from monocrystals of TIHSO, placed in Stepanov cells [7], 


Heating curves for the acicular crystals ~ a -TIHSO, and for the platcs -TIHSO,~ are presented fa 
Figure 1, A coinparison of the differcntial heating curves shows that dicy differ by an additional endothermic 
effect of the a-modification of thalliun bisulfate, This effect occurs in the temperature range 40-49°, 


The remaining effects on the thermograims are identical, The minimum on the differential heating curve 
corresponding to the fint of these remaining effects Is a very sinall but highly reproducible endotherinic effect 
varying on the individual thennogramns in the range 1-108", A second endothermic effect occurred fn the tem= 
perature range 113-120°, and a third in the range 124-128, 
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From the cooling curve and the rubsequently obtained heating curve of the fused salt, and also from. 
visual observations of these processes, it can be concluded that the fast of the two effects of 8-TUISQ, cores- 
ponds to an cnantotropic polymorphic transformation of thallium bisulfate, The last of the effects corresponds 
to melting of the salt, The low-temperature endotherinic effect of the a-modi fication of thallium bisulfate 
corresponds to the transition of the a-form of thallium bisulfate to the § -form, This fs confirmed by the fact 
that during heating to 60°, the tadex of refraction of the acicular crystals of a@-TINSO, changes without a change 
in extemal crystal form, becoming equal to the refractive index of 8 -TINSO, (5) after heating, The revene 
transition of the &-modification of thallium bisulfate to the a@-imiodification was not recorded on either the 
cooling curves of the curves obtained by subsequent heating of the fused salt, 


By an investigation of phase transformations under various 
conditions of cooling of the molten thallium bisulfate, we were 
able to establish that the reverse transition of & -TIHSO, to the 
low-temperature a-modification occurs only with very slew cools 
ing, If the thallium bisulfate crystals are melted and then allowed 
to cool by shutting down the clectric furnace, which hat good in- 
sulation, then the subsequent heating curves of such fused samples 
record the low-temperature endothermic effect characteristic of 
a-TIHSO, (Figure 2), This tndicatcs that the & -modification con- 
verts to the a-modification during slow cooling, 


It is characteristic that the tempcrature of the er Sothermic 
effect comesponding to the conversion of the a-form to the 6 -form 
Fig, 2, Heating curve of fused TIHSO, of the TLHSO, for the slowly cooled thallium bisulfate (Figure 2) 
after slow cooling, is higher than that at which this transformation {s recorded whea 
directly heating crystals of a-TIHSO, (Figure 1), 


It was established by this Investigation that thallium bisulfate has three enantiotropic polymorphic trans- 
formations, and that it melts without decoinposition, The melting point found for thallium bisulfate ts higher 


than that published in the literature (8,9), 
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ON THE TWO COURSES OF REACTION IN THE DEHY DROCHLORINATION OF 
LOWER ALKYLENE CHLOROILY DRINS 


P, V. Zimakov and L, M, Kogan 
(Presented by Acadermician B, A, Kazantky, April 1, 1957) 


In 1959, a hundred yeam will have passed since A, Wurtz described the dchydrochtorination of ethylene 
chlorohydrin in alkaline medinn with the formation of a new compound — ethylene oxide 


CH,- OH KOU HC —— CH, + KCl + HO 


At present, this reaction forms the basis of the commercial production of ethylene oxide froin ethylene 
and chlorine (2), In practice, the ethylene ovide always contains approximately 1+2% of acetaldchyde as an 
linpurity when dis reaction is carried out with milk of Hine (acous calcium hydroxide suspension) (3), Undl 
recently, no significance was attached to this circumstance, of else it was considered probable that the small 
amount of aldehyde dinpurity could have been formed by isomerization of the ethylene oxide; 


In 1939, a French patent was issued (4) for the production of comidcrable amounts of aldchydes (or ke= 
tones) along with a oxides by the dchyvrechlorination of aliphatic ehlorohydrins in a *milk of magnesia® medi- 
um, The subject matter of this patent did not call the attention of chemists to the dual reactivity of the tlin- 
ple eumpound, ethylene chforohydrin, 


Several years ago we undertook a detailed study of the cours¢ of the dchydrochlorination of ethylene 
chlorohydrin (ECH) in various media and under various conditions, We showed that the addition of calcium 
chloride to the usually used medium of *inilk of line® tocreases the yield of acctaldchyde during the decom- 
position of ECH to 3-4%, We also confirmed the course of the dchydrochlorination of ECH in boiling *milk of 
1m gnesia,® Under the conditions of our experiments, up to 98% of the ECH was dchydrochlorinated; of this, up 
to 3:77 formed ethylene oxide, up to 50% formed acetaldehyde, and about 157% of the ECH was converted to 
ethylene glycol, In special experlincnts, we showed that the ethylene glycol was formed only by hydration of 
the first formed ethylene oxide, Taking this last into consideration, it can be said that dchydrochlorination of 
ECH In boiling inilk of magnesia (10%) yields approximately equal amounts of cthylene oxide and acctaldchyde; 


Hc —CH,—cH,—cl HO 
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In the course of further observations (5) it was observed that on dchydrochlorination of BCH in a boiling 
suspension of nickel! hydroxide (10% Ni(Ct,) practically the only reaction product formed was acetaldehyde 
with yields up to 98% based on PCH and ethylcne oxide was present as an “inypurity® in insignificant amount, - 


Thus, it was confirmed that even such a simple compound as ECH has a clearly expressed dual reactivity 
depending on the reagent acting on 


it is of interest to study the reaction peculiaritics of the dchydrochtorination of ECH, In this connection, 
Lt might first he assumed that, in all of the above cases, the ethylene oxide was the primary product, and the 
aldchyde was formed from It by isomerization which occurred to a greater or lesser extent (depending on the 
reagent) 


In order to facilitate the problem of experimental confirmation of such an assumption, we turned to the 
dchydrew Hlorination of propylene chorohydrin (PCED, taking into consideration that this inatertal exists in two 
{sormeric forms: 


cl OH -- Cll — Cit, 


1 
Form form 


The dehydrochlori nation of PCH, which proceeds under the same conditions and more casily than ECH, 
usually Joes not give propylene oxide yields above 85%, The causes of the decreased yields of propylene oxide 
from the dchydrochlorination of PCH remain obscure up to the present 


Propylene clilocohydrin can be prepared by two routes, hypochlorination of propylene and hydrochlorinas — 
tion of propylene oxide, We made use of the fact that both of diese routes lead to the formation of a mixture 
of isomers of PCH, the compositions of the mixtures differing approciably (6}, 


Cl City (a). . (4%) 


1 H.C CH Cit, 4+ HCIO 


a 


(a) eee (75%) 


CH, 4+ HG 


HO (3)... (25%) 


By decomposition of PCH froin either source in boiling "milk of Iime® we obtained equal yields of 
pylene oxide (84-85%), The amount of propionaldehyde was 2-3% of the PCH; more than 10% of the PCH was 
converted to propylene glycol, We showed that the conversion of PCH Into the glycol, just as in the case of 

Ec il, docs not proceed by Cirect saponification of the chlorine, but through the intermediate formation of pros 
pylene oxide and its subsequent hydration, The yicld of propylene glycol was greater than the yicld of ethyl- 
ene glycoi froin the delydrochlorination of ECH, hocause propylene oxide ts more easily hydrated than fs ethyle 
cne oxide (7}, In complete agreement with til, the eld of propylene oxide from the dehyrochlorination of 
PCH Is bess than the coresponding yield of ethylene oxida, 


. 

OH 

708 : 
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TABLE 1 


Dehydrochlorina tion of Mixtures of Propylene Chigrohydriv Lomers in 
Bolling Aqueous Suspension of My(OUD, 


Isomeric com 
of PCH, % Yicld, % of initial PCH 


propylene 
glycol by 
diff.) (PG) 


oxide (PO) 
ae 


propyle 


eo SS58 
Gx 


Sh 
No 


NW 
eo 


© Milk of magnesia strengthened (to 30% Mz(Oll),, and the amount was 
greater with respect to HCH (500%), 


In Table 1 we present the results of the dchydrochlorination of two isomeric mixtures of PCH In excess 
(to 300% of stoichiometric) boiling *milk of magnesia® (about 15% 


The data presented in Table 1 provide us with a basis for forming a conchusiva with respect to the de- 
pendence of product distribution on the isomeric composition of the ys aie PCH. 


Thus, with a change in this composition from 7 2 10:1 wey 23:1, the ratio of products fonned 


verics shinilarly, as may be seen from die last colune of the table, It is evident diyat the aldchyde and alcohol - 
are formed only froin the 4 -isomer, of at Icast principally from it, We dicn turned to experiments on the de- 
hydrochiorina ton of mixturcs of Isomers of PCH in @ boiling suspension of nickel hydroxide, As was stated 
above, in such mediuin ECH Is dchydrochlerinated almost wholly with the formation of acctaehyde, 
A 20% suspension of NKOH), with an excess of 2007 of sioichiometic was used ta the experincug, 


The data, presented in Table 2, support to an even greater cxtcat he proposition that propionaldchyde & 
formed only from the 4 -fsonzer of PCH, This becenres still more evident if the yield of proplonaldchyde ts 
calculated only on the A -tormer; it then avcrages about 85%, 


TABLE 2 
of komeric Mixtures of Propylene Chiorohydria fa 
Bolling Aqueous Suspension of Ni(O#M, 


lsomeric compo- 
sition of PCH, % Yield, % of initial PCH 


| 
| = 
< & {ras aa 
19 5.6 
1.7 5.6 
2.3 84 
15 0.2 | 2.0 
as 
15 25 | 0.2 4.2 4a | 23 0.4 
75 25 3.0 4.3 21.6 | 
15 25 74.8 4.6 5.0 | 18.3 


We tsolated the unreacted PCH fem the reaction mixture (Table 2), Obviously, it should consist en- 
tirely of the a-isomer, since the  -isomer was dchydruchlorinated in the mediun, 


Using this PCH (a-tsomer), we repeated the dehydrochlorination experiment under the former conditions, 
an excess of boiling aqueous sutpension of Ni(OM), As would be expected, there was absolutely no 
action; apprectadle amounts of dehydrochlorination products were not observed, We carricd ot a paralicl 
hyvrochlorination of another portion of this same PCH, but using a boiling aqueous suspension of Ca(OH); In 
this case, a high yteld of propylene oxide (about 85%) was obtained, 


“SUMMARY 


1, Propionaldchyde ts formed in considerable amounts during the dehydrochlorination of PCH only in 
suitable media such an aqueots suspension of magnestuin hydroxide. and, especially, nickel hydroxide, In 
this respect, the same rule applies as in the dehydrochlorination of ECH, 


2, Propionaldchyde ts formed during dehydrochlorination of PCH in an appropriate medium (Ni(OH),) 
only from the 8 -itomer, The a-isomer not only docs not form the aldchyde under these conditions, but general- 
ty is not dehy drochlorinated, 


3, The a-isomncr of PCH, just as the §-fromer, dchydrochlorinated with cqual ease in basic media (NaOH, 
KOH, Ca(OH),) with the formation of propylene oxide, The formation of propionaldehyde during dehydrochlo= 
tination of PCH ts not due to isomerization of propylene oxide, 


A, Duting dehy drochlonnation of ECH with Mg(OH}, and Ni(OH),, acetaldehyde fs formed not as 
sult of isomerization of city lene oxide, but directly from the ECH by an independent process, 


5. Sach simple compounds at ECH and PCH develope a dual reactivity during dchydrochlorination, the 
course of the resection depending on the medium in which the detiydrochlorination it carried out; in one case 
splitting out 4 molecuie of hydrogen chloride yields an a-ovide, in the other case it yiclds carbonyl compounds 
(aldehydes), 
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HYDROGENATION OF VINYLCYCLOPROPANE AND 
1-METHYL-1-ISOHEXENYLCYCLOPROPANE IN THE PRESENCE OF PLATINUM 
AND PALLADIUM 


Academician B, A, Kazansky, M, Yu, Lukina and L, G, Salnikova 


It was recently found (1) that fn the presence of palladium black at room temperature sopropeny keyclo- 
propane feadily adda two moles of hydrogen with the formation of 2-methylpentane, It was shown that the re- 


action proceeds through the intennediate formation of 2-methyl-1-pentene and 2-methyl-2-pentene accord> 
ing to the reaction; 


2 


be 


To all iatents and purposes, fsopropyicyclopropane is not formed under these conditions, 


q) 


This rather singular behavior of isopropenyleycopropane forces us to assume that the double bond present 
in the side chain of this compound reduces the stability of that C-C bond of the three-membered ring which is 
next to the substituent, this instability toward splbiting with the addition of hydrogen apparently being 


due to an 
unusual conjugation between the c, clopropane ting and the double bond, ary 


Hydrogenation of tsopropenyleyclopropane In the presence of plenum black [2] proceeds differently; 1,3 


moles of hydrogen are added, and a mixture consisting of 70% isopropyicyc lopropane and 30% 2-methy lpentane 
Is obtained: 


Cll, —CH — — Cte 


ts 


Thus, {n the presence of platinum black, splitting of the tuce-membered ring with the addition of hydrogen, in 
accordance with the reaction given for palladium (1), proceeds more slowly than the addition of hydrogen across 
the double bond with retention of the cyclopropane ring, In the fint reaction 0,6 mole of hydrogen ls consumed, 
while in the second 0,7 mole is consumed, It ts known from the Iterature (3) that in the presence of copper- 
clromlum catalyst at Comparatively high temperatures and under elevated hydrogon pressure, one molecule 


| 
ie 
m1 


of hy drogen can be selectively added to iwpropenyleyclopropane with the formation of isopropyleyclopropane; 


Cu-Ce 
CH CH = CH, CHy— CH CHT — Cit, 


It should be noted that with both patladium and platinum black there is absolutely no addition of hydrogen to 
isopropyleyclopropane at room temperature, In the prescat work, we studied the addition of hydrogen, in the 
presence of platinuin and palladium blacks, to two other hydrocarbons of the cyclopropane scrics in which there 
is a double bond in the side chain; vinyleyclopropane (1), in which the double bond is conjugated with the three- 
membered ring, and 1-methyl-1-isohexeny pee (1D, in which the double bond is separated from the 
ting by two methylene groups, 


CH,—CH— CH = CHy CH;—C— CH, CH, — CH = C—CH, 
bu 


In the presence of paliadium black, vinyleyclopropane readily (42°) adds two moles of hydrogen converting to 
n-pentane; t,¢,, in this case, cleavage of the three-membered ring with the addition of hydrogen and hydro- 
genation of the double bond of the side chain occun readily, as was previously observed for tsopropenylcyclopro= 
panc {1} 


Pa; 
CH,—CH — CH CH, -- CH, Cli, — CH, — CH, 
42° 
CH, (4) 


If the hydrogenation fs Interrupted with the addition of only one molecule of hydrogen, a more coinpicx mix 
ture is formed; this mixture sali has not been studied in detail, but, judging from the distillation curve and the 
physical properties of the fractions, it contained unreacted vinyleyclopropanc, n-pentane, 1-pentene, and 2- 
pentene, 


As in the case of lsopropenylcyclopropane (2), in the pretence of platinum black vinyleyclopropa ne adds 
about 1,3 moles of hydrogen, forming 4 mixture of ethylcyclopropane and n-pentane, 


Both in the presence of platinum black at room temperature and In the presence of copper-chromium 
catalyst at 100° and a pressure of 130 atm,, is converted to 
compound previously undescribed in the literature, 


— CH, — — CH C— CH,—C— CH, — CH, — CH, — CH — CH, (5) 
NIN 
Cli, ‘CH, 


In the presence of palladium black at room temperature, 1-methyl-)-isohexenylcyclopropane absorbs about 
1,6 moles of hydrogen and is converted to # mixture of 1-methyl-1-isohexylcyclopropaie and 2,6-dimethyloce 
tane, according to the properties of the hydrogenation product, This result can be explained as follows 8 part - 
of the added hydrogen is used in the hydrogenation of the docble bond in the side chain according to Equation 
(5); the other part is added to the Isomeric hydrocarbon {n which the double bond, under the influence of the 
palladium black, fs shifted to a position of conjugation with the cyclopropane ring, 


(3) 

© 


CHy—C — TH, — City — CH C — CH,» CH, —C — CH — CH, — CH -- CH, 


\ \ (6) 
City. City Cit, le 


A similar double bond shift in the presence of palladiinn was previously obteeved (1) for 2-methyl-1-pentens, 
from which was obtained a mixture of 2-methyl-1-pentene and 2-methyl-2-pentence, The 
hexenyleyclopropane with the double bond conjugated with the cyclopropane ring, which Is fonned by lsomert- 
zation, evidently behaves similarly to vinyleyclopropane and isepropenyleyelopeopane tn the pretence of pale 
ladium and hydrogen; Le,, it adds two molecules of hydrogen and ts converted to 2,6-dimethyloctane, 


City 


Cil = CHH— CH, — CH — 
cht, ‘City Cie 


The double bond shift does not preceed in the presence of platinum black, and, therefore, hydrogenation leads 
only to I-methyl-1-isohexylcyelopropane, In the vepor phase at 120° and in the prescnce of platini zed carbon, 
1-methyl-1-isohexyleyclopropane adds hydrogea and is converted to Le,, in this case, 
just as with other alkyicyclopropanes [4,5] ng tegenstys of the three-membered ting procecds with rupture of 
the C-C bond across from the substitucnt, 


EXPERIMENTAL 


The was by the mcthod of Slabey [6], and had the following properties; 
b.p., 40-40,2°/760 min; nb 1.4140, 0,7197, 


The 1-methyl-)- ledhexenyleyelepropane. wat prepared by the method of Kizhner (7), and had the fol- 
lowing properties; b,p, 15-161,5°/760 mm; nj) 1.4400; 0.7770, 


TABLE 1 


Hydrocarboa 


Ethylicyclopropane (8) 
n-Pentane [9 of 
2-Methylbutane(9} 

cycSopropane 
2,6-Dimethyloctane[9) 


2,2,6-Trimethytheptand 9) 


© Prepared by us by hydrogenation of 1-methyl-1-isohexenylcyclopro= 
pane in the presence of copper-chromiun catalyst, 


B.p. Aniline 

35.04 | 1.3788 | O69] 

36.0 | 4.3575 | 0.6262 
27.85 | 4.3537 | 0.6196 = oS 

155.4 | 4.4193 | 57.2 xe 

158.54 | 4.4113 | 0.7285 78.4 

(crit) 

| (crit) 
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In Table 1 are presented the properties of the hydzocarbons which would be obtained by the catalytle 
addition of hydrogen to these two hydrocarbons assuming that the hydrogenation proceeded In all possible ditece 
tions, The methods of hy-rogenation and of Isolation of reaction products were the same as in our previous work 
{1}, The palladium and platinum blacks were prepared according to the method of Zelinsky (10), 


1, Hydrogenation of vinyleyclopropane, 7,2 g of hydrocarbon, In the presence of palladium black, add- 
ed hydrogen equivalent to 2 moles per mote, The product was distilled tn a column of 40 theeretical plates, 
The properties cf the fractions are presented in Table 2, The distillation data show that the hydzogenation gave 


almost pure n-pentane, probably with some admixture of unconverted vinylcyclopropane, 


In the presence of platinum black, 7,2 g of vinylcyclopropane added hydrogen equivalent to 1,29 moles 
per mole, Distillation in the same column gave a product having these properties; b.p. 35.6-35.9°/760 mm} 
nf} 1.3738; d?* 0.6723, A comparison of the constants of the catalyzate with the data in Table 1 shows that it 
was a mixture of ethyleyclopropane and n-pentane, separation of which by distillation fs not possible, 


TABLE 2 


Fraction No, 


{ 34 .0—38.4 0.4 0.6 
2 3.4 --36.2 2:2 1.3578 | 0.6270 
3 36,2—36.3 1.3 1.3576 | 0.6270 
on from Favor- 
fy 36. 


2, Hydrogenation of 1-methyleI-fsohexenyleycloptopane, 19,0 g of hydrocarbon, in the presence of 
" platinum biack, added hydrogen equivalent to one mole per mole, The reaction product distilied, In a columa 
of 40 theoretical plates, at 154,8-165,0°/760 mm; nb 1.4193; 0.7544; 1,¢,, it was pure ine thyl-1-ls0- 
hexyleyclopropane (see Table 1), 


Weight, 


15,5 g 1-methyl-1-tsohexenyleyclopropane was hydrogenated in the presence of paliedium black, Hydro- © 
gen was added in an amount equivalent to 1,63 mcles per mole, After separation, the reaction product was dis- 
tilled in acoluma, The distilladon result are presented in Table 3, 


Comparing the data of Tables 1 and 3, it can be concluded that the catalyzate consisted of a mixture of — 
1-methyl-1-{sohexylcyclopropane and 2,6-dimethyloctane, 


4.5 g of 1-methyl-1-{sohexylcyclopropane was passed in a stezm of hydrogen at a temperature of up to 
180° and a space rate of 0,2 hous”! through a tube containing pladnized carbon, The oomyane was distilled 
from @ Favorsky flask and hed the following properties; 147,6°/760 14058; dg’ 0,7191, Judging 
from these data, the hydrocarbon obtained was 2,2,6-trimethylheptane, 


B.p., °C 
Bp. 
154.5-154.8 | 0.4 | 4.4178 | 0.7517 
2 154.8-155.3 | 4.2 | 4.4166 | 0.7493 59.2 
3 155.3 7.0 | 4.4165 | 0.7408 | 63.9 
‘ 155.3-155.6 | 2.2 | 4.4150 | 0.7428 65.2 
5 155.6—156.0 | 2.5 | 4.4143 | 0.7408 
14 
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ALKYL ESTERS OF ETHYLTHIOARSINOUS (ETHYLTHIOLARSONOUS] ACID 


Gilm Kamat and N. A, Chadaeva 
(Presented by Academician A, E, Arbuzov, April 13, 1957) 


Esters of thioarsenous and slkyl and ary)thioarsinous acids have been little studied (1), Certain esters of 
arylthioarsinows [arylthtolazsonous) acids have been described in the patent Mierature as substances possessing 
therapeutic activity (2), 


The synthesis and propertics of alkyl esters of ethyithioarsinous acid of the general formula Cy HAM SR). 
are described in the present work, 


In our (nvestigations we dwelled first on a study of the direct reaction of ethyldichloroanine with the 
Appropriate mercaptans according to, 


+ C, SR), + 2HCI 


Experiment on this first method of preparation were carried out as follows, The required amount of mercap- 
tan was placed in an Arbuzov distillation flask, and the echyliichtcroarsine was added to It dropwise from 8 
dropping funnel, The addition of the ethyldichlorosrsine was accompacied by vigorous evolution of hydrogen 
chioride, which waa displaced by a current of dry carbon dioxide, After the addition of the ethyldichloroamine 
had been completed, the mixture was slowly heated, first.to the boiling point of the mescaptan, and thea gradu- 
ally to & temperature of 190-200° over the course of 3 hours, The reaction products were then disilled under 
vacuum, The ethyl, d-propyl, n-butyl, and lsoamyl esters of ethyltiloatsinous ecid were synthesized by this 
j 


The ethyl, n-butyl, and n-hexyl esters of ethyithiozrsinous acid were prepared by a second method, the 
reaction of ethyldichloroamine with the appropriate mercaptan in ether mediuin andin the presence of anhy- 
drous pyridine, 


It should be rnentioned that the purest preparations were obtained when, after separation of the ma for 
part of the pyridine hydrochloride, the filwate was quickly washed with ico water, 


The ethy} ester of ethylthioarsinous acid wz» #)so prepared by a third method according to the scheme; 


2C,H,SNa + CyHyAsCh, —> + 


The corstants of the thioesters prepared by us are presented in Table 1, The alkyl esters of ethyl thio- 


arsinous acid synthe zed by us were coloriess, transparent Mquids with a disagreeable, penetrating odor, readily 
soluble in inany organic solvents, 


Hydrolysis of the alkyl esters of ethyithioarsinous acid in the cold of at ordinary temperatures takes place 
comparatively slowly; on standing in afr, 8 white precipitate ts formed, We obtained ethylarsinic (ethylarsonic) 
acid on heating the n-butyl ester of ethyldioarsinous acid with water, The formation of this acid can be ex- 
plained by the following reactions; 


OH 


Equation (1) 18 identical with the for hydrolysis given by Waters and Willi ams for analogous c 


TABLE 1 


Rol any 


| 

11 |  14.259314 5747/59. 0.24 "65 

7$--77/1,5 | — {4.5749 — | — 
101 —102/2 .1906)t 5585/68. 7010.34 (29. 38129, 45)25.58 
CyHyAs (SCoHy)s 122—~123/2 [25.61/26,$3 23. 26, 
| 12242372 (28. 12)26.53'22.96 

120—123/2 4396/1 5442/78. 23/10. 63 128.3526. $322. 
Colt, 135-—136/2 124.07/24. 14/20. 


As found calc yfound 


We also studied the reaction of the n-butyl ester of ethy!thioaminos acid with methyl lodide, After an 
equimolar mixture of methyl lodide and the n-butyl ester of ethy!tucarsinous acid had stood for 13 days ata 
temperature of 20-22%, the resuiting white crystals were separated, They melted at 73-80%, They dissolved 
readily in water and alcohol, and were insoluble in ether, According to the analytical data, this material was 
dimethyl- ‘a-hutytsulfonium todide, The formation of this compound can be explained as follows: 


+ | 1- + GH,Ast 


Thus, it was shown that alkyl esters of cthylthfoarsinous acid do not form azsonium type compounds under the 
influence of methyl lodide, and that in view of the more reactive ceatess around the sulfur atom, the As-§& 
bond is broken with the formation of sulfonium compounds, ‘ 


We also studied the reaction of the n-butyl ester of ethylchioarinous acid with acetyl chioride and acetic 
anhydride, In both cases, there was a double decomposition reaction similar to the previously studied reactions 
of acyl chlorides and of anhydrides of carboxylic acids with esters of erscnous and alkylarsinous acids (4) accord- 
ing to; 


OH © OH 
28.35 130.4 
28.35/25. 
28.35 141.9 
25.22 |40.3 
22.71 154.7 
22.74 59.4 
22.74 
20.68 /43.2 
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SC, 
2C1 1,COCI Cl 1,A sCl, 4- 1,COSC,H, 
‘SCM, 


CILCO OCOCHs 
SCH, -CH,CO OCOCH, 


Both reactions require a heating time of § to 18 hours at a temperature of 150-160%, The S-buty] ester of thio- 
acctic {thiolacctic) acid obtained from these reactions was a coloricss, transparent Uquid with a sharp odor 
somewhat reminiscent of the odor of butyl acctate, The ester was readily soluble in erganic solvents, and ime 
miscible with water, B,p, 89°/74 nim; a3? 0.9441; of 1,4598, 
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ON THE FORMATION OF POLYMERIC HYDROCARBONS BY THE DECOMPOSITION 
OF ALIPHATIC DIAZO COMPOUNDS 


Associate Member Acad, Sci, USSR V, V, Korshak and V, A, Sergeey 


The decomposition of aliphatic diazo compounds In the presence of various catalysts, leading to the 
formation of polymeric hydrocarbons ( 1}, has been studied by a number of investigators (2-11), 


We carricd out an investigation comparing the decomposition of dlazomethane, diszocthane, dia zotolue 
ene, and diavodiphenylmethane and thelr mixtures In the presence of metallic copper and certain boron com- 
pounds (trimethy! borate or boron trifluoride), 


The decomposition of diazomethane in the 
presence of tunethyl borate was distinguished by 
; the presence of an induction period, as may be seen 
——é | an from Figure 1, Moreover, an essential difference in 
t the action of these catalysts is that trimethyl borate 
causcs rapid decomposition of the diazomethane and 
leads to quanutative formation of polymethylens, 
(CH,x, Only nitrogen Is present In the gascous 
Z ducts, and hydrocarbons are totally absent, In the 
case of coppet, the yield of polymers comprises only 
20 40 min, YON hrs, 10-15%, the nitrogen contains ethylene, and, in addi- 
tion, various nitrogen-containing products are formed, 
It can be assumed that the reaction forming poly- 
methylene from diszomethane is an fonic process 
having certain waits In common with the polymeriza- 
tion of ete finic hydrocarbons under the influence of 
catalysts, 


ogen, 
2 


Voiume of nia 


Fig, 1, Rate of evolution of nitrogen during the de- 
coinporition of diazomethane (1,4 g): 1) in the pre- 
sence of metallic copper (1 g), 2) In the presence of 
trimethyl borate (0,3 Concentration of diazo- 
methane, 0,85 g in 100 ml of solution, 


Diazoecthane also decomposes In the presence of copper farming the corresponding polymeric hydrocarbon, 
The yield of potyethylidene comprises 40% Le,, it is higher than that during the decomposition of diazomethane, 


Diavotoluene, in the presence of boron trifluoride etherate, forms only the azine of benzaldehyde, and 
Hberates nitrogen, We nots, in passing, that the formation of the corresponding azincs was also observed during 
the decoin position of diazomethane and diazocthane; however, they were obtained only in small amounts, 


Diszodiphenylmethane, in the presence of boron trifluoride, forms only the azine of benzophenons, and 
iberates nitrogen, 


We also prepared copolymer by the decomposition of a mixture of diazomethane and diazocthane in the 
presence of trimethylborate and by the decomposition of # mixture of diazomethane and diazotoluene in the 
presence of boron trifluoride, It developed that, In this case, a mixture of products was formed consisting of 
polyimethylene, the corresponding copolyiner, and a mixture of the corresponding azines, 


During the decomposition of mixtures of diazomethane and diazocthane, copolymers were formed which, 
depending on the quantitative ratio of the starting materials, consisted of polyethylene with various nunbers 
of ine thy] side chalna, 


i 
tag 
721 


This copolymmet can be considered as the aualog of highs peessure polyethylene when the number of inethy! 
side chains is small, With difleccat mororier ratios, the copolymer obtained can be considered as the analog 


of polypropylene, 


Fig. 2, Polymer deformation in relation to tem- Fig, 3, Polymer deformation ia relation to tempera 
perature at a constant load (100 g/4 mm) and @ ture at @ constant load (100 g/4 mm) and a leating 
heating rate of 75° per hour, tate of 75° per hour, 


In Figure 2 are presented the thermomechanical properties of the polymethylene produced in the pre- 
sence of copper (Curve 1) and, for comparison, @ low-pressure polyethylene produced in the presence of tele 
ethyl aluminum (2), In this saine figure are presented the curves for the polyethylidene produced in the pre- 
sence of copper (3) and @ high-pressure polyethylene (4), 


As may de seen from Figure 2, the curves for polymethylene from diazomethane (1) and low-pressure 
polycthylene partically coincide, which Indicates that they have the same structure, The curve for polyethyll- . 
dene lics considerably to the left, and shows that the structure of this polymer is totally different from those of 
the remaining polymen, The curve for the high-pressure polyethylene occupies an Intenacdiate position, there= 
by indicating the presence of side chains, 


An x-ray Investigation of the polymethylene obtained from diazomethane and the low-pressure poly 
ethylene showed that both are crystaliine products with cryttallinitics up to 90-100%, In contradistinction to 
these products, the high-pressure polyethylene proved to be partially arnorphou, The x-ray picture of poly 
ethylidene alse indicated this polymer to be partially crystalline, the crystallinity amounting to 25%, 


In Figure 3 are presented the thermamnechanical curves foe copolymers prepared in the presence of copper 
froin diazometi.ane and diazoethane at different proportions of the latter (1— with 3% 2 and 3—- with 74% dia- 
zocthane); also presented for comparison are the curves fog poly:nethylene prepared from diazomethane (4) and 
for polyethylidene prepared from dia zocthane (5), As may be scen from this figure, the curve for the copolymer 
prepared with 3% diezoethane shows Initial softening at the same teinperature as for polyethylidene prepared 
from diazoetane alone (5), and later on it approximates the curve for polymethylene, In this ts secn the ine 
fluence of the available methyl! groups; however, @ similarity with high-pressure polyethylene fs not apparent 
(see Figure 2), This is explainable on the basis that high-pressure polyethylene is a polyma with a branched 
macromolecule, while our copolymer has only short methyl groups, 


A part of the product obtained by the decomposition of a mixture of 74 mole % diazoethane and 26 mole 
% diazomethane was soluble in ether, Thennomechanical curves were plotted both for the soluble and for the - 
insoluble part of the copolymeg 


Curve 2 (Figure 3) corresponds to copolymer prepared with 74% diazocthane and represents the ethere 
insoluble part of the product, This curve, just as the curve for the soluble portion of the polymer (3) prepared 


- 
% % 
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' with these proportions, shows an initial softening at a lower temperature, However, the furthercourses of these 
curves differ; the curve for the soluble postion of Ue copelymer (3) is tlinilar in form to the curve for poly- 
ethylidene, differing only in the lower softening temperature, The curve for the insoluble copolymer (2) fs, 

in general, similar to the curve for the copolynice prepared with 3% dia zocthane, and it coincides at its end 
with the curve for polymethylene prepared froin dia*omethane alone, 


In Figiwe 4 are presented the thermomechanical 
curves for a polystyrene (1) prepared by copoly:nertza- 
tion of diazomethane and diazotolucne {n the presence 
of boron trifluoride, fur a polystyrene prepared by a free 
a radical-initiated mass polymerization of styrene (2), and 
the polymethylene prepared in the presence of boron tri- 
fluoride etherate (3), As may be seen from this figure, 
the polystyrene formed during the copolymerization of 
diazomethane and dlazocthane hes 2 high melting point 
(of the order of 220-224); morcover, it ts intuludle fa 
ether and heptane, and {s similar to “{sotactic® 
_ styrene (12}, 


It is {impossible to connect the formation of an un- 


Fig, 4, Polymer deformation in relation to teme branched, ordered polystyrene under our cond! tions with 


perature at a constant load (100 g/4 mm) and a the orienting effect of a crystal surface of the catalyst, 
heating rate of 75° per hour, 44 has been done by Natta (12) and other investigator 
{13}, 


Apparently, a more correct concept fs that the reason for the ordered diszibution of the substituents ta 
a molecule of this polystyrene ts the ordering effect of the side chains during the process of polymer formation, 
This sctf-ordering effect depends, fisst of all, on the steric effect of the groups, an effect which 4, in general, 
analogous to that observed during the polymerization of viayl type monomen, We have proposed to designate 
this steric effect as “stereochemical faocton®, undentanding by this the sum total of the steric effects which an 
dependent on the size of the substituents and dictated by thelr volume (15-17, Turis effect first appeared dure 
ing polymerization and copolyinerization of monomen, and, therefore, this aspect wat previoutly considered by 
us in detail for a large number of examples [15], Ohviously, we must now supplement these concepts by taking 
into account the effects of the substitucnts on the order of combination of the wnits ia the macromolecule of the 
polymer, During the disposing of the phenyl groups one after the other, as occuss in the case of polystyrene, 
the addition of cach suceceding radical, whici contains a plicnyl group, must proceed with an arrangement of 
the phenyl group in space such that there is no hindrance from the directicn of the phenyl groups already present; 
it {s easily noted that tn such a case the phenyl groups are arranged alung the outside of a spiral, 


The fact that Ir [ree ssdical polymerization there fs no such ordered disposition of the substituents can be 
explained on the basis that @ free radical, which bs just what the terminal carbon atom of a growing macromole-- 
cule is, has a planar configuration, and its transition to a tewahedral structure is equally probable in either dire 
ection, to that the configuration of the polymer which is formed is a case of equally probable distribution of 
substituents in variow positions leading to the absence of order In de distribution of the subsutucnts and to the 
formation of a polymer with @ low melting point, 


In the case of the formation of the copelymes from diazomethane and diavotoluene, we have an lonic 
process, and this guarantecs rctention of the ss.ne con figuration of carbon atoms in the final copolymer, In the 
case of the copolyiner from diazomctnane and diazoc thane, the formation of anisotactic copolymer is not ob= 
served; this is obviously duc to the fact that the methyl groups are not large enoug’ for trois interaction to pro- 
vide the self-ordering effoct, 


Proof of the presence of steric hindrance fs also apparent in the fact that the joint decomposition of & 
mixture of diazomethane and diazodiphenylmethane docs not lead to the production of a copolymer, Only the 
azine of benzophenone and polyincthy kone are formed, 
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HALOCHROMISM OF PHENYL- AND CYCLOHEXYLCARBINOLS 


F, Lavrushin and N, N, Verkhovod 


(Presented by Academician A, N, Nesincyanov, April 9, 1957) 


In studying the phenomenon of halechromism in carbinols of various structures {1-3}, we established that 
acid solutions of these compounds give two types of absorption spectra, Carbinols containing phenyl radicals 
are characterized by complex absorption curves with three of more absorption bands, while the absorption curves 


for tertiary cyclohexanols and aliphatic alcohols have only one absctption band and a broad inflection in the 
near visible spectrum, 


In this connection, it was of Interest to study the absorption spectra of acid solutions of aromatic alcohols 
and their variation with respect to the degree of substitution of cyclohexyl radicals for benzene rings in the 
molecule, With this alm, we undertook a study comparing the absorption tpecta of ulphenylearbinol, cyclo 


hexyldiphenylearbinol, tricyclohexylearbinol, methy Wicyclohexylearbinol, and 
dicyclohexylcarbinol, 


Triphenylcarbinol, The ebsorption specwa of sul- 
furle acid solutions of triphenylcarbinol have been studied 
repeatedly (4,5, According to ow data [2], the absorp- 
tion curve of such a solution has four bands (Figure 1,1): 
1) A = 4200 A, ¢ = 50000; IN = 2900 A, ¢ = 3109; Ih 
= 2606 A, ¢ = 400 and!V)X = 2280 A, ¢ = 16009, 


Cyclolw xyldiphenylearbinol in solutioa in ethyl 
alcohol yields an absorption curve with a single band, 
the maximum of which is Iecated at A = 2530 A and 
« 2% 1762, The curve for the sulfuric acid solution has 
a complex outline and ts compored of three steorption 
bands (Figure 1,3): 1) = 3939 A. ¢ = 467; I) A = 266 
A, = 398; Ill) =230 A. ¢ = 15140,° 


In contrast to the curve for wiphenylcarbinol, here 
‘the band in the visible spectrum {is considerably less ine 
tense and has a broad inflection at its long-wave end, At 
the wave length of the second tiphenylcarbinol band, the 
Fig, 1, Triphenylcarbinol; 1) in conc, HySO, Cy- curve rises over a broad region of the spectrum and Is caps 
clohexyldiphenylearbinol; 2) in C,H,OH; 3) in conc, ped in the nuiddle and short ultraviolet by two absorption 
H,SO,, 4) in bands charactcristic of aromatic carbinols (2}, 
5) in conc, H,SO,y, 


1 L i 
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Dicyclohexylphenylcarbinol in alcohol solution 
£180 absorbs in tie ultraviolet region of the spectrum and 
has a single absorption band with its maximum at) = 2680 A and € = 3311, In concenuated sulfuric acid, it 
forms a turbid, orange-yellow solution, which clears up compleicly after heating for 15 minutes on a water bath, | 
The absorption curve of the sulfuric acid solution extends over a broad region of the spectrum and Includes five 
bands (Figure 1,4); 1)\ #442 A, ¢ = 316; il) \ = 398 A, ¢ = 776; = 317A, ¢ = 85); IV) A = 267A, 
22818; V)X\ = 237A, ¢ = 8128" The first two long-wave bands are located in the region of the broad long» 


* Values ford are given as they appcar in original text — Publisher's note, 
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“wave band of triphenylearbinol, Two other bands are somewhat displaced {n the direction of the vietble spec 
trum, The band at the shoctest wave length alinost coincides with the tiphenylcarbinol band, 


Tricyclohexy!carbinol immediately gives a 
low color on interaction with concentrated sulfuric 
acid, The solution becomes completely transparent 
on heating on a water bath for 10 minvtes, Under wu, 
v, light, such a solution hag a strong light green fluo- 
rescence, 


The absorption curve of the sulfuric acid solus 

tion (Figure 2,1) differs sharply from the curves pree 
sented above forcarbinols containing phenyl radicals, 
In the 5500-3800 A region there fs a sloping Inflec- 
tion, after which comes a broad ateorption band with 
a maximum #3950 A and ¢ = 8913, 


Methyldicyclohe xylcarbinol forms with concen- 

& traicd sulfuric acid a turbid yellow solution, which be- 
comes clear with short heating on @ water bath, B 

has an intense light green fluorescence under ultras 
violet trradiation, 


The absorption curve of the sulfuric acid solution 
(Figure 2,3) consists of a sloping, long-wave branch 


A. 2. L 


500 4000 


Fig, 2, Tricyclohexylcearbinol; 1) in conc, 1,SOg 

2) after dilution with C,H,OH, Methyldicyclohexyl- and broad abworption band with a maximum ata 

carbinol; 3) in cone, HySO,: 4) after dilution with 3000 A and ¢= 6300, 

Dicyclohexylearbiaol; 5) in conc, H,SOg 

6) after dilution with C,HsOH, Dicyelohexylearbinol also forms with concentrae 
ted sulfuric acid a turbid ycHow solution, which clears 

up completely after heating on a water bath for 10 minutes, It displays an intense Ught groen fluorescence under 

light, 


The absorption curve of the sulfuric actd solution of tits carbinol (Figure 2,5), in common with those of 
the other cyclohexylearbinols, has a long-wave inflection widch enter the visible region of the spectrum and & 
single broad absorption band with a maximum at \ = 3090 A tnd ¢ 2 7078, 


Thus, asa result of this study of the absorption spectra of solutions of phenyl- and cyclohexylearbinols in 
concentrated sulfuric acid, it appear that triphenylicarbino!, eyclohexyldiphenylcarbinol, and dicycichexyle 
phenylearbinol have one type of cornmpiex absorption spectrum, the curves of which differ among themselves {a 
the number of sbsorption bands, From sulfuric acid solutions of tricyclohexylearbinol, methyldicyclohexylca ble 
nol, and dicyclohexylearbinol there is obtained another type of absorption spectrum, characterized by a simpler 
form of the curves which have a single absorpdon band, 


The appearance of cclor during the reaction of all of the carbinols studied by us with concentrated sulfuric 
acid and its disapperance on dilution of the acid solutions with water indicates that we are concemed in this case 
with @ typical halochromic phenomenon, 


The phenomenon of halochromism of tiphenylcarbinol has been well studied (6}, and is an acid-base re- 


action; 
(< >} + 2H,SO, =|( }< 


Since other phenyl- and cyclohexylearbinols behave, with respect to sulfuric acid, as docs triphenylcarbinol, it 
can be assunred that thelr reaction with the acid procecds in an analogows manner; 


+ 
+ 2HSO; + 


: 
fle 

vt 

- 

. : 


+ 
+ 2H 50. + + 4,0* 
(DEO 
14 
con + 214,50, + + H,0¢ 
3 3 . 
CH, + 2130, + + 
cron +24,50, == + 2480," + Hot 
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The different number of bands on the absorption curves of carbinols containing phenyl radicals depends 
on the number of these radicals, and was observed by us previously (2) during a study of halochrotnisin of aro- 
matic carbinols, It is of interest that in the case of carbinols which do not contain phenyl radicals, the absorp- 
tion curves, with respect to form and position, almost coincide with cach other and with the curves of tertiary 
cyclohexanols and aliphatic alcohols {1,3} Tuis, in our opinion, is additional confirmation that the curves of 


all these compounds result from the carbonium fon Sct, since the radicals bonded to it do not absorb in the 
ultraviolet, 
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DETA-CYANOVINYL KETONES 


Academician A, N, Nesmeyanov and M, I, Rybinskaya 


In our previous work, 4 joint effort with N. K, Kochetkoy, the varied use of 6 -chloroviny! ketones for 
the preparation of heterocyclic systems was demonstrated (1}, Synthesis of the corresponding cyanidcs would, 
obviously, broaden these opportunitica, Although the chlorine atoin in @-chlorovinyl ketones unde goes nuce 
leophilic substitution (2) in spite of its viny! position, and, for example, the cormesponding lodides and thio- 
cyanates are readily prepared by exchange, it has not been possible to cychange with cyanide salt (3}, The 
reaction docs not go In non-polar media, and tars are formed in polar inedia, 


We have been able to prepare 4 -cyanoviny! ketones through § -acylvinyltrialkylammonium salts (4-6), 
The lattce arc easily formed by the action of 4 -chloroviny! ketones on tortiary amines, 


RCOCH «= CHCI -}- N RCOCH = CHN 
a 


Under the action of potassium cycnide In aqueous solution, 6 -acylvinyltialkylammontum salt exchange 
the group for cyanide, Thus, -benzoylvinyttrte thy lammontum chloride in aqueous inedium 
zeadily reacts with potassium cyanide with the formation of phenyl 8-cyanuvinyl ketone (yield 77 of theored- 
cal) and triethylamine, Other aryl § -cyanovinyl ketones were prepared in good yields by this same route, 


-ArCOCH = CHA ++ KCN [ArCOCH 
a CN 
AsCOCH n= CHICN N 
where Ar C,ll,, O — CIC,Hy—, —. 


The reaction was carried out In water-ether or water-tnzcne medium in order to provide for more rapid 
removal of the aryl & -cyanoviny! ketone from the alkaline solution, the aryl 4 as ketone passing into 
the organic layer as it was formed, 


Alkyl 8-cyanovinyl ketoncs could be prepared only by the action of potassium cyanide on aqueous solu- 
tions of 4 -acylvinyltlmethylammoniuin chlorides, The reaction with potassium cyanide was carried out in 
water-benzene medium, The resulting A -acylvinyltrimethylaimmoniin cyanide readily decomposes on heat 
ing on 8 water bath, and trimethylamine fs liberated as a gas from the reaction mixture, Morcover, it is ime 
portant to note that the reaction must be carried out in a buffered solution of trimethylamine hydrochloride, 
since alkyl & -cyanoviny) ketones undergo very rapid change under the action of agucous solutions of alkalies, 
We propared methyl, ediyl, and propyl &-cyanovinyl ketones by this method; however, the yiclds were lower 
than jor the aryl A -cyanoviny} ketones, 


This variant was also used for the synthesis of ary) 8 -cyanovinyl ketones, the only difference being that 
the ise of covling gave more satisfactory results, In this case, phenyl -cyanovinyl ketone was obtained In 


| 
‘ 
ton 


almost quantitative yield in a satisfactorily pure state, It ts also interesting to uve that p-nitropheny! A -cyano- 
vinyl ketone was obtained by this method, while the incthod based ou the we of tiethylamine falled, 


The structure of these cyanovinyl ketones was confirmed by the following reacdonms, The A -cyanovinyl 
ketones give semicarbazones, Owing to the presence of an active double bond, they readily undergo Dicls-Alder 
reactions, Methyl and phenyl 3 -cyanovinyl ketones react with cyclopentadicne yielding the corresponding addl- 


ton products, 
AW 
+ Re = 


The 2-benzoyl-3-cyanobicyclo(2,2,1)-S-heptene formed as a result of this reaction was hydrolyzed to the 
corresponding acid, In addition, the product of the addition of phenyl 6 -cyanovinyi ketone to anthracene was 
prepared in the presence of stannic chloride (7}, This addition product was hydrolyzed to 6 -benzoyl-c, 8 -endo=- 
9,10-dihydrvanthracenepropionic acid, previously obtained by Barnett and co-workers (6), 


CHCOGH, 


Thus, we have established that quaternary 6 -acylvinylammonium salts can be used {n ketovinylation re-_ 
actions, This is confirmed by the fect that the reaction of 4 -proplonylvinyltrimethylammonium chloride with 
sodium sulfide leads to bing -propiony tiny!) sulfide In good yield, 


Cyl YCOCH CHIN (CH + Naz3 yCOCH CH),S + N 
cl 


EXPERIMENTAL 


Alkyl 8 -cyanovinyl ketones, About 10 ml of Uquid trimethylamine was added to a solution of 0,1 mole 
of alkyl 8 -chloroviny! ketone in 100 mi of absolute scetone while stirring snd cooling with solid carbon dioxide, 
The reection mixture was allowed to stand for 30 mincvtes at room temperature; the precipitate wae then file 
tered and rapidly and carefully washed with absolute acetone, The yicld of § -acyltrimethylammonium chlo- 
ride was almost quantitative (8 -acctylvinyltrime thylammonium chloride; m,p, 135-136%, 


Found %_ C 51,30; H 8,66; Cl 21,64; N 8,39, C;H,ONCL Calculated % C 51,37; H 8,62; Cl 21,71; 
N 8,56, 


The quaternary salt separated fromm the reaction mixture was used without further purification for the sya- 
thesis of the A-cyanovinyl ketones, The previowly prepared § -acylvinyltrimethylammonium chloride, 150 ml 
benzene, and 0,1 mole of potassium cyanide were added to a solution of 8 g of uimethylamine hydrochloride 
in Sml of water, The reaction mixture was stirred vigorously and heated on a water bath, When the temperas 
ture of the bath reached 50-60%, a solution of 0,95 mole of potassium cyanide in 15 ml Of water was added drop 
wise to tie solution, The evolution of gascous timethylamine was observed with the first drops of the potassium 
cyanide solution, With the cessation of the turbulent foaming, the benzene layer was carefully decanted, and 
a new portion of benzene (100 ml) was added to the flask, Meating and stirring were continued, After an hour, 
the entire operation was repeated; the process was repeated 3-4 times, The combined benzene solutions were 
dried over sodium sulfate, and, after disullation of the benzene, the product was distilled under vacuum, The 


major fraction was alkyl $-cyanovinyl ketone, Their semicarbazones wore prepared by the usual method and 
were recrystallized from alcohol (Table 3), 
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TABLE 1 


MR 
Alky) 8 -cyanovinyl ketones and thelr J 


semicarbazones founde 


4 


CH,COOH = CHEN, T3711 mm, mp, 27 

Semicarbazone , m.p, 227-228" (with decomp.) 
= CHEN, bp. 77/8 mm nf? 1.4620; 

Semicarbazone, m.p, 187-189 (with decomp.) 0.93 6.02) 33.79) 
CyH{COCH = CHCN, bp, 85-85,5°78 mm 
ni} 1.4594; 0.9593 

Semicarbazone, m.p, 158-159 


Aryl 8 -cyanovirtyl ketones, Variant A, To a sotution of § g of trimethylamine hydrochloride fa § ml 
of water was added the quatemary ammontum salt prepared from 0,1 mole of aryl 6 -chloroviny! ketone and 
10 ml of liquid trimethylamine according to the above-described method, 100-150 ml of benzene was thea 
added, and, while stirring and cooling, a solution of 0,15 mole of potasstuin cyanide in 30 ml of water was 
added dropwise, After an hour, the benzene layer was decanted, and a new portion of benzene (50 ml) wat 
added, This opcration was repeated 3 times, The combined benzene solutions were washed with 5% hydro- 
chloric acid, and, after drying over sodium sulfate, the benzene was removed under vacuum, The remaining 
crystalline material was aryl § -cyanoviuyl ketone (Table 2), 


TABLE ? 


Hal, 
Aryl -cyanovinyl ketone E | 


=CHICN toy | be. 


Semicarba zone, prepared by the usual method, decom position temperature 183° (from 
alcohol), 


Found %q 56,84; H 6,25; N249% 1,0, Cakulated %; C 56,89; H 5,17; N 24,13, 


Variant B, 10,% g of triethylamine was added slowly to 0,1 mole of ary! 8 -chloroviny! ketone in 50 ml 
of absolute acetone while cooling, After 1,5-2 hours, the resulting precipitate of 4 -arylvinylulethylammontum 
chloride was filtered and quickly washed with absolute acetone, This salt was dissolved in 30 ml of water, 240 
ml of ether or benzene was added, and, while stirring vigorously and cooling with dry ice, @ solution of 0,51 
mole of potassium cyanide In 50 ml of water was added drepwise, The corresponding aryl 6 -cyanovinyl ke 
tones were obtained by further treatment as described under Variant A (sce Table 2), 


2-Acetyi-3-cyanobicycla2,2,1)-S-heptene, 1,5 g of cyclopentadiene was added to a solution of 
2 g of methyl 6 -cyanovinyl ketone in 10 mi of dry benzene, After spontancous heat evolution had ceased, the 
inixture was heated for 2 hours on a@ water bath, On the following day, after distillation of the benzene, the 
residue was distilled under vacuum, The yicld was 2,3 8 (68% of theoretical), b,p, 145-146°/13-12 mm, The 
material was a ycliowish, viscous Hquid; 1,4962, 1,091, MRp found 43,18, MRp calculated 43,34, 


i 
IN. % 
73 
: % 
| 7 
731 


Found Tr 74,60; 16.94; N 8.83, CyllyON, Calculated C 74,53; H 6,83; N 8,80, 


2+ Renzoyl-3-cyanobicyclo(2,2, 1) -S-heptene, This compound was prepared similarly from 2 g of phenyl 
3-cyanovinyl ketone and 1g of cyclopentadicne in 5 mi of dry benzene, The yicid was 1,8 g (64, theo- 
retical), in, p. &7-88° (from alcehol), 


Found % 80,81; 15,74; N 6,34, Calculated % C 80,71; H 5,83; N 6,27, 


2-Ren oylbicye 2, acid, A mixture of 0,48 g of 
cyclo(e,2, 1)-5-heptene, 0,2 g of potassium hydroxide, 5 ml of alcohol, and 2 mi of water was heated on a water 
bath to the complete cessation of the liberation of ammonia, The reaction mixture was diluted with water and 
filtered, The filtrate was acidified with hydrochloric acid, and the liberated oi] was extracted with cther, The 
ethereal extract was washed with water, and, after drying over sodium tulfate, the ether was distilled, The ree 
sidue wes an oil which was crystallized by friction, The yicld was 0,4 g (76.9% of theoretical), m, p, 108-109° 
(from aqueous alcohol), 


Found 74,38; H 5,83, Calculated C 74,37; H 5,78, 


8 -Renzoyl-@, -cndo-9, To a solution of 1g of phenyl -ceyanovinyl 
ketone in 30 ml of dry benzene was added 1,13 g of anthracene and 2 g of anhydrous stannic chloride, The mix- 
ture was heated to boiling for 15 minutes and decomposed with dilute hydrochloric acid, The benzene layer 
was decanted, and the aqueous layer was extracted with benzene, The benzene solution was washed with wate, 
dried over sodium sulfate, and the benzene was evaporated under vacuum, The residue, after recrystallization 
from benzene, amounted to 1,7 g ¢yicld 79.8% of theorctical), m, p, 203-204% 


Found % C 86,10; H 5,12; N 4,02, CyHyON, Calculated %e C 85,94; H §,07; N 4,17, 
_The 4 -benzoyl-a,8 -endo-9, 10-dihydroanthracene propionitrile, on hydrolysis with alcoholic alkall, gave 
§ -benzoyl-a, 8 propionic acid. m, p, 232° (from alcohol), 
Litcrature data {8}; m, p, 234%, A mixed sample showed no melting point depression, 


Big $ -propionylvinyl) sulfide was prepared by the addition of @ solution of 0,1 mole of sodium sulfide to 
a solution of 0,2 mole of 8-proptonylvinyluimethylammonium chloride in water, The yicld was 88.13%, m, 
Pp. 80° (from alcohol), 


Found %q, C 64,72; H 7,94; S 14.36, CigHygOS, Calculated % C 63,71; H 7,96; S 14,15, 
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TRANSFORMATIONS IN TERNARY SOLID SOLUTIONS BASED ON Ni,Fe 


M,. P, Ravdel and Ya, P, Selissky 
(Presented by Academician Lt, P, Bardin, March 13, 1957) 


The specific effect of molybdenum on the degree of order In alloys approximating Ni,Fe in composition 
has previously been noted {1-4}, It was observed that alloying with molybdenum changes in principle the nature 
of the conversion during annealing of these alloys, this change appearing a3 an anomaly In the electrical resl- 
stance and differing from the ordering of volume effects, In the present work, the effect of elemcnts of vary- 
Ing natures, Ma, St, Cu, Mo, Cr, V, and W, on the ordering process of Nile alloys was Investigated, 


600° 500° 400° 


Fig, 1, Change inthe electrical resistance of Ni-Fe 
alloys 4tloyed with various elements in relation to. 
quench temperature; 1) Ni,Fe alloy; 2) Fe-Ni 
(79% Ni); 3) Ni,(Fe,Cu); 4) Ni,(Fe,Cr) 5) Ni,(Fe, 
Mo); 6) Ni<Fe,Mn); 7) NigFe,Si); 8) Ni,(Fe,W) 

9) Ni¢Fe,V), 


In Figure 1 ts shown the change In the clectrl- 
cal resistance of alloys with varfouw alloying compos 
nents {n relation to quench temperature In a step-wise 
cooling process, The initial state of all alloys was ob- 
tained by quenching from 900° In water, Soaking time 
varied from 24 to 120 houn, depending on the queach 
temperature, 


Alloying Mo (9%) significantly Increased the ef- 
fect of order observabic tn the Ni,Fe alloy without an 
additional sloying clement, and appreciably increased 
the .emperature of the order-disorder transformation, 
Alloying Cu (5%) decreased the ordering effect, acting 
In the s2ime mannet as a deviation from stoichiometric 
compor!tion tn the binary Fe-Ni system (for exemple, 
the alloy with 79% Ni}, 


In alloys containing Mo (5%), Cr (5%), V (4%), 
and W (4%), an anomalous increase in electrical re- 
sistance was observed after lengthy step-wise thermal 
treatment, this increase amounilng to 6,5% for the 
alloy with Cr, 12% for the alloy with Mo, and 20% for 
the alloy with V, The increase In electrical resistance 
was comparatively small (2,5%) for the alloy contain- 
ing W, An electrical resistance anomaly was also ap- 
parent In the alloy containing 3% Si, the curve having 
a maximum at 450, 


In Figwe 2 are presented curves showing the 
variation in coefficient of thermal expansion, a, with 
temperature for some of the alloys Investigated, The 
Initial state was obtained by lengthy step-wise cooling 
in the temperature range from 550 to 250%, The curves 


for the Ni,Fe and Ni,(Fe,Mn) alloys (Figure 2, a and b) are cliaracterized by the presence of A-shaped maxima, 
Maxima of similar shape have been observed (5) on the tenipcrature-heat capacity curves of ordered samples of 
Ni,Fe alloy during disorder transformations, From a comparison of these curves, {it is seen that the temperature 
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of the order-disorder transformation for the Ni,(Fe,Mn) aloy ts higher than that for the Nijfe alloy, The intro- 
doction of Cu causes consideradle washing out of the maximum on the curve (Figure 2,c) and a decrease fn the 
temperature of the transformation to 450°, which, obviously, is connected with concentration disorder, 


Magnetic saturation 
(in arbitrary units) 
& 


£00 


Fig, 3, Thermomagnetic heatiag and cooling curves 
for the alloy Ni,(Fe,V), 4% V: a)after quenching from 
900° In water; b) after step-wise treatinent; 1) heate 
ing 2) cooling, 


Fig, 2, Dependence of cocfficient of thermal ex- 
pansion (a) on temperature; a) Ni,Fe alloy; b) 
Ni,(Fe,Mn); ¢) Ni,(Fe,Cu); 4) Ni,(Fe,V) 


The curve of Figure 2, d was obtained for the 
Ni,(Fe,V) alloy; however, curves for ailoys with Mo and 
Cr have exactly this same shape, All of these curves 
ie,, for the V, Mo, and Cr alloys are characterized by 
6 the absence of maxima peculiar to disordered alloys and 
by the presence of breals In the continulty of the depens 
denice of a on temperature, The highest temperature 
(~600% for a discontinuity break was observed tn the 
case of alloys containing V, & somewhat lower tempera 
ture (~520°) was observed for the alloy with Mo, and a 
still lower temperature (~520°) for the alloy with Cr, 


& 


) 
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In Figure 3 are presented thermomagnetic curves 
typical of alloys containing one of the elements giving 
an electical resistance anomaly (V, Mo, and Cy, and 
in Figure 4, for comparison, are presented thermomage 


b netie curves for the ordered alloys Ni,Fe and Ni¥Fe,Mn), 


8 


The therinomagnetic curves for alloys exhibiting 
an electrical resistance anomaly and on anomalous tem= 
= > perature-thermal expansion coefficient relationship are 
\jsimilar, and are characterized by an indistinct magnetic 
—— 2 transformation during heating and cooling, The latter 


can be explained by local chemical disorder of the 
Ysolid solution, Apparently, at specific temperatures, 
206 400 600°C chemical complexes, differing by a higher Curie point, 
are formed about the foreign atoms by virtue of the 
Fig, 4, Thermomagnetic heating and cooling appearance of @ chemical affinity exhibited by them for 
curves; #) Nise alloy; b) Ni,(Fe,Mn}, 3% Mn, the atoms of the basic components of the solid solution, 
1) after quenching in water from 900% 2) after This is confirmed by the fact that the Curle point of the 
stepwise thermal treatment, quenched alloy fs significantly lower than the Curle 


Magneuc saturation (in arbiuary uni 
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point of the alloy subjected to leagthy step-wise covling (see Figure 3), In all cases, the Curie point of the 
quenched sample Is significantly higher during cooling than during heating (Figure 3, a), This indicates that 
the rate of formation of these complexes during the cooling process {s greater than the rate of ordering of the 
Ni,ie alloy, 


The more the alloying clement differs in nature from the basle elements making up the solfd solution = 
from fron and nickel = the stronger the chemical affinity and the more stable the complexes formed In the solid 
solution, It {s possible to confirm this proposition by means of the greater cffect of V in comparison to that of 
Cr and even of Mo, 


The pecullar effect of Mn fs apparently connected with the participation {n the magnetic Interaction of 
the Mn, which has an Incomplete 3d shell, present in the ordered solid solution, In the ordered state, the mags 
netic saturation of the Ni,(Fe,Mn) alloy is significantly greater than that of the Ni,Fe alloy; whereas, after 
quenching, Mn, like other clements, lowers the magnetic saturation of the Ni,Fe alloy (Figure 4), The addition- 
al decrease In electrical resistance during annealing {s connected, for this reason, with the increase in magnetic 
saturation during ordering of the NifFe,Mn) alloy, 
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INVESTIGATION OF AQUEOUS SOLUTIONS OF SODIUM PARATUNGSTATE 


Associate Member Acad, Sci, USSR Vik I, Spitsyn and G, N, Plrogove 


The mechanism of the reactions occurring on acidification of sclutions of normal tungstates has been come 
paratively little studied as yet, In the pH range of 8-6, paratungstaics are formed, these being some of the most 
important representatives of the general class of aquopoly compounds, Cre of us [1) has proposed the hypothesis 
that an essential role in this process is played by the simultaneous presence of oxonium fons, tungstate fons, and 
molecules of tungtic acid, which react in solution through the for.nation of hydrogen bonds, 


Water play: #n important constitutive role in the formation of the compounds (2-4}, 


We have snidied the propertics of soludons of sodium paratungstate as they de pond oa conditions of formas 
tion, temperature of heating, end standing time, The methods used for this purpose were dialysis, polarography, 
chromatography, and light absorption, 


The molecular weights of the fons present in 0,01 M tungstate solutions were determined by dialysis through 
a cellophane meimbréne at 25%, The molecular weight of the hydrated normal tungstate lon WO, * 2H,Q(M = 
284), was used as 2 wilt for comparison, A freshly prepared solution of crystalline paratungstate, NaygW 
¢281,0, was characterized by molecular weight of about 3000, which conesponds closely to the fon 


* 281,0 (M = 3368), Aficr boiling the solution, the molecular weight of the anion decreased to 1500-1600, Le,, 
by practically half (Table 1), 


TABLE 1° 


Vlalysis Coc fficténts and Molecular Weights of Certain Tungstate 
Tons in Solution 


: History of the 
Compound solution 


Na,WO,-2H,0 
-28H,O Freshly prepar- 
ed 


NaygW Heated 8 hours 
at 100° 14000 


The phenoinenon which occured can be expressed by the equation 


Evaporation leads to the formation of crystalline paratungstate which again exhibited a doubled molecular 
weight in solution, 


Upon acidification of @ solution of Na,WO, with nitric acid, the composition of the anions dtained depends 


= 
pH {38 & 
] 
3 8,0 0. 284 
. 
e 
Ay 


TAPLE & 


Change in Dialysis Cocffictent and Molecular Weights of Anions During 
Standing of Acidified Solutions of NajWO, 


Dialysis cveffictent | Moleculat weight, M 


Time of standing of 


solutions, days 
directly after 
acidification 
of solutuioca 
after standing 
of the solution 
aftes standing 
of the solution 


directly aftez 
acidification 
‘of solutioa 


0.186 
0,072 
0.029 
0.016 


on the pH and the duration of the reaction (Table 2), Only in the pH range of 7,0-6,6 are hexatungstate fons 
~ formed immediately, Ata pH of 6,3-6,1, tons with @ molecular weight of 5000-10,000 appear first, After 10 
days, the molecular weight has dropped to 1500, Apparently, in this case high molecular weight fons of the 
type [HO* Wg0),)*" + nit WOgs ag are formed, and these, with the passage of time, undergo disintegration, split- 
ting off hexatungstate fons more castly, This phenomenon becomes still more apparent on further acidification, 
If the pH of the solution Is reduced to §,8-5,6, the molecular weight of the anions fonned initially attains the 
enormous value of 55,000-120,000, and this decreases to only 14,000 after standing for 10 days, Sodium meta- 
tungstate, Na, 10H, 0, had a stinilar molecular weight under the conditions of our experlinents, which 
corresponds to approximately 12-fold polymerization of the ton [H,O(HWO,),* (H,WO,) of 
‘10H, OF” 
The transformations observed fa solutions of tung=: 
states were confinned by polarography using @ Heyrov- 
sky micropolarograph, The capillary characteristic 


was 91% = 3,083 mg" sec%, The dropping mercury 
period was 2,5-2,6 seconds, 
The results of the polarographic investigations 
tia Aes are peescnted in Table 3 and Figure 1, It should be 


7} 0 0 050 02 04 058 noted that in the strongly acid medium fn which polaro- 
graphy of tungstate is usually carried out, colloidal 
tungstic of metatungstic acid, not the original tungstate 

Fig. 1. Polarography with a background of 12 N HCI; fons, is present, In this regard, NagWO, and a freshly 
1) 2.0°107* mole/liter NagWOg*2H,O; 2)1.7°10°4 prepared solution of paratunystate behave identically 
mole /liter NaygW 3)1.67°10°4 mole/ (half-wave potential of 0,46 v), forming, therefore, 
liter N3ygW 28H (solution heated to boiling the samme product in acid medium, A solution of para- 
for 8 hours); 4) 4,18°10°4 mole /liter Nag WOgs tungstate which has been boiled gives still a different 
10HgO, Sensidvity 1/100, polarograim with two waves EY, 0,44 


v), which is more similar to polarograms of sodium meta- 
tungstate and metatungstic acid, Obviously, the hexatungstate fon is related In structure to the metatungstate 
fon and, perhaps, isits structural unit, The fndicated conversion of paratungstate was noted polarographically, 
beginning at a temperature of 35° and concluding at 80°, The same difference In a freshly prepared solution of 
paratungstate and one which had been boiled was obscrved at a pH of 5,0-5,6 (acctate buffer) and against a 
background of KgSO, It has long boon known that the more acid (with respect to WO,) the tungsten compound, 
the more casily It is reduced to the pentavalent state, This could explain the lowcr potontial at the beginning 
of reduction (-0,26 v) of metatungstic acid (Experiments 3 and 4, Table 3) in comparizon to the value oltained 
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for ordinary tungstic acid (Experiments 1 and 2, Table 3), However, the latter apparently appears dwing polaro- 
graphing also in solutions of metatungstic acid, as a partial decomposition product, giving a wave with a half- 
wave potential of - 0,44 or —0,40 v, The presence of several waves on the polaroyrams taken in a medium with 
acctate buffer and K,SO, background {s connected, obviously, with the presence of scvcral forms of tungstate 
font, occuring in equilibrium, «trich are reduced (wt —> w+) at different half-wave potentials, In neutral 
or weakly acid media, there is little probability of the occurrence of successive stages of deeper reduction of 
the same anion, 


0700 


0400 
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Fig, 2, Absorption spectra; 1) 2,5° 107 mole /liter 


Na,WO,* 21,0; 2) freshly prepared solution, 0 250 160 

mole/liter Na 3) after 4 

days; 4) after 10 days; 5) aftcr 15 days; 6) after - 

18 days; 7) after 30 days; 8) after 1 year; 9) Fig. $3, Change in absorption spectca of sodiwn para . 
2,5° 10 molc/Liter 10H, 0, tungstate in relation to time of boiling of the solution; 


1) 1 hour; 2) 2 hours; 3) 3 hours; 4) 4 hours; 5) 6 
The kinetics of the conversion of paratunge hours; €) 8 hours; 7) 16 hours, 

state fons to hexatungstate fons can also be follows 
ed by means of absorption spectra, The investigas © 
tion was carricd out in the ultraviolet region (220-290 my), Freshly prepared paratungstate solutions give curves 
dropping off steeply with an increase in wave length (Figure 2), On standing of the solutions, the drcp in the 
_ curve in the 245-260 my region it suppremed, & plateau appears fn this region, followed by a maximuin at @ 

wave length of 256-257 my, This maximum slowly increased with the course of ims, and reaches a constant 
value @ month after preparation of the solutica, Subsequent observations over the course of a ycar disclosed no 
further changes in the optical properties of the solutions, 


A similar, but more rapidly occurring, phenomenon takes place on heating solutions of paratungstate to 
boiling (Figure 3), A maximum in the 256-257 my region appears after three hours, Its height becomes con- 
stant after 10-16 hours boiling of the soludon, Coincidence of the wave-lengths for the absorption maxima of 
long~standing and heated solutions confirms that the same process takes place in both cases — conversion of 
poratungstate ions to hexa tungstate fons, to which the maximum corresponds, It is of interest to note that fa 
this case similarity of hexatungstate and metatungstate is obscrved; thelr absorption spectra are very closely 
alike (sce Figure 2), 


Solutions of Na,WO, acidificd dircctly after preparation give absorption spectra In the form of curves 
which drop off stceply with an increase in wave length, Over a period of time, a plateau appears on the curve, 
and dicn a maximum, However, this process proceeds more slowly than with solutions of sodium paratungstate, 


Finally, it must be noted that freshly prepared solutions of paratungstate and solutions which have beea 
boiled behave somewhat differently with respect to anion exchange resins, Sorption of hexatungstate fons act 
coeds to an appreciabiy lesser extent, especially at low concenuations (Figure 4), 
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TABLE $3. 


Polarography of Tungstate Solutions 


Half-wave potential against different backgrounds 
History o 
tolutiaa 


1 N 


Na, WO,-2H,9 
NayeW Freshly | —-0.46 
prepared) _ 6.46 
o boiling 
Shours | —0,26—0.44 


Nay [10-4 44 
$ —0.26 —-0.40 


The similarity of the hexatungstate and metat- 
ungstate propertics studied merits considerable attention, 
It ts powsible that the transition of paratungstate Into 
hexatungstate during boiling of the solution ts an ime 
portant stage in the formation of metatungtates, On 
the other hand, the first products of the hydrolysis of 
metatungstates are probably hexatungstates, 


Concentration of WO, mmolet/ Lites 
Fig, 4, Absorption of parstungstate on EDE-10: (1} Vile, & Spiteyn, J, inorg, Chem,, 2, 602 (1867), 


anion exchange resin: 1) freshly prepared solu» (2] A, Rosenheim, Za, anorg, Chem,, 96, 157 (1916), 
tion of N2.W gOg* 28H,0; 2) solutiog heated [3] H, Copaux, Bull, Soc, Chim, France (4), 18, 
tb boiling 16 hours, $19 (1919), 


(4) G, Jander and W, Hcukeshoven, Za, anorg, allgem, Chem,, 187, 60 (1930) 
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SYNTHESIS OF SOME ALKYLHALOSILANES AND SILICOHYDROCARBONS 


Academician A, V, Topchicv, N.S, Nametkin and T, 1, Chernysheva 


The present communication reports a continuation of our work studying reactions leading to formation of 
organosilicon compounds from unsaturated hydrocarbons and silicon com pounds coatalning an Si-H bond (1-3, 
In this work were studied reactions in which trichtorosilane and tribromosilane are added to {soamylene, 1-noa- 
ene, and 1 decene, The addition of trfbromosilane was carried out under conditions similar to those used in the 
addition of trichlorosilane, It may be tcen from Table 1 that both tribromosilane and trichlorosilane add to 
1-nonene and 1-decene in the presence of benzoyl peroxide with high yiclds (60-70%), but they add to isoamyl- 
cne only with low yiclds (5-8%), The decreased yiclds of fsoamyltrichlotosilane and tsoamy bromosilane 
could have been duc to the low mactlon temperature necessitated by the low boiling point of tsoamylene, 


TABLE 1 


B.p., °C/mm g°. 
Formula Hg 3 3 2 
147.5—140/754] | 5.4 
100] 3.5] 44.7° 
2 SiBey 196-199/751 | 40]45° | 8.8 
3 424 85130 | 60.9 
4 1$4—457/5 «5130 | 79.4 
5 | 133—137/5  |too]20 | 62.7 
6 17—{68/5 100] 20 74.0 
7 2048—210/5 | 20.7 
8 sicihct 1145—117/5 | 22.2 
9 | 126—129/5 | | 38 


The experiment was carried out in an autoclave under 8 
pressure of 100 atm, 


In order to exclude the effect of temperature, we carried out an experiment on the addition of trichloro- 
silane to isoamylene under pressure at 100° and in the presence of benzoyl peroxide, As seen from Table 1, 
the yield of fsoamyltrichlorosilane was increased only slightly, On comparing the yields of products obtained 


by the addition of trichlorosilane and tribromusilane to olefinic hydrocarbons, it may be noted that the bromide 
is somewhat more active, 


The experiments carried out by us on the addition of methyldichlorosilane to 1-nonene and 1-decene 


showed that this reaction gives considerably lower yields than obtained in the addition of trichlorosilane to 
these same hydrocarbons, 


The propertics of the synthesized silicoh ydrocarbons, obtained from the corresponding alkythalosilanes, 
are given in Table 3. 
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TABLE 2 


formula Hg found |cale, 


‘exp. tio. | 


Cobh gsi(C gl leds | 1.45 0,7 09,73 
leds {76--178/% | 113.44] 113.62 


Zuo Ve 


Literature data for bp. 131,5-192,5°/758,6 mm; 
0,7281; nf} 1.4057, 


EXPERIMENTAL 
Addition of Compounds Containing an Si- I Bond to Olefinic Hydrocarbons 


1, 'tibvomosilane, 30 g of isoamylene (2-methyl-3-butenc) and 42 g of technical tribromoste 
lane (bp, 108-120°%) reacted in the presence of 3 g of benzoyl peroxide to give 4,4 g of isoamyttribromosilane 
(yield, 8.5%); bop, 196-198°/751 mm, 


Found % Br 70,01, 70,78, CyH,Sitty, Calculated % Br 70,79, 


2, lsoamyltrichlorosilane, a) 70 g of boamyiene and 136 g of trichlorosilane reacted in the presence of 
5 g of benzoyl peroxide to give 13,3 g (yield, 5.1%) of 

b) A mixture of 41,5 g of troamylene, 81,5 g of tricilorosilane, and 2 g of benzoyl peroxide were heated 
in an autoclave at 100° and 100 atin, pressure; 13,6 g (yicid 11.14%) of boamyltrichlorosilane was obtained; 
b.p, 147°/754 inm, 


Found Fe Cl $2.15, 51.56, Calculated % Cl 51,77, 


3, From 15 g of 1-nonene, 32 g of technical tribromocilane 110-120%, and 
4 g of benzoyl! peroxide was obtained 36 g (yield, 79,4%) of nonyltibromosilane; bp, 154-157°/5 inm; a 
1,45°0; nf} 1.4764; MRp 76,40, cale, 75,21, 


Found % Br 59,91, 60,22, CyHySiBry, Calculated % Br 60,79, 


4, Nonyltrichlorosilane, From 84 g of 1-nonene, 90 g of trichlorosilane, and 5 g of benzoyl peroxide 
was obtained 106 g (yicld, 60,997) of nonyltrichlorosilane; 121-123°/5 min; 1,0645; nf 1,4498; MRp 
66,05, cale, 66,25, 


Found %: Cl 40,42, 40,46, CyllyySiCl, Calculated %; Cl 40,72, 


5. Decyltribromosilane, From 17 g of }-decene, 30 g of technical ulbromosilane, and 3 g of benzoyl 
peroxide was obtained 33 g (yield, 74%) of decyltrtbromosilane; b,p, 166-169°/S mim; 1,3896; 1,4692; 
MRp 80,27, cele, 79,84, 


Found %e: Br 57,94, 58,78, Cyt Calculated %; Br 58,69, 
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6, Decyltrichlorosilane, From 86 g of 1-decene, 89 g of tiichloccsilane, and § g of benzoyl peroxide was 
obtained 92 g (yicld, 62,7%) of decyltrichlorosilane; b,p, 137°/10 mm; 1,0540; nf} 1.4528; MRp 79,95; 
calc, 70,84, 


Found Cl 38,81, 38,41, Calculated %; Cl 38,66, 


Literature data for bp, 189°/84 mm, 
1, Hexadecyltrichlorosilane, From 28,7 g of 1-hexadecene, 93 g of trichlorosilane, and 5 g of benzoyl 


peroxide was obtained 13,3 giyield, 29,7%) of hexadecylutchlorosilane; bp, 208°/5 mm, 


Found %: Cl 29,52, 29,64, Calculated %; Cl 29,62, 


Literature data [5) for bp, 194-196°/7,5 mm, 


. 8, Nonylinethyldichlorosilane, From 21 g of 1-nonene, 110 g of methyldichlorosilane, and 5 g of benzo- 
peroxide was obtained 8,5 g (yield, 21,2%) of nonylmothyldichloros{lane; b,p, 115-117°/Smm; 99931; 
1,4548; 65,91, calc, 66,58 


Found C1 28,47, 28:55, Calculated %; C1 29,21, 


$, Decylmethyldichlorosilane, From 24 g of 1-decene, 100 g of methyldichlorosiiane, and 5 g of bea- 
zoyl peroxide was obtained 15,7 g (yield, 38%) of decylmethyldichlorosilane; 126-129°/5 mim; 0.9859; 
nB 1.4542; MRp 70,17, cale, 71,21, 


Found Cl 27,75, 27,82, Cyt Calculated %: C1 27,84, 


Preparation of Silicohydrocarbons 


S$ilicohydrocarbors were prepared with the si¢ of organolithium compounds, To the previowly prepared 
ethereal solution of organolithiuin compound was added the halogen derivative of an organceilicoa compound, 
The mixture was heated at the boiling point of ether for 10 hours, The resulting silicohydrocarbon was treated 
by extraction with concenzated sulfuric acid and distilled over metallic sodium, The basic aanias of che 
silicchydrocarbon Prepared by us are presented in Table 2, 


1, Ysoamyltrimethybilane, From 7g of ithium, 70 g of methyl icdide, and 18 g of tsoamy!trichion- 
silane was obtained 11,7 g (yleld, 96,3%) of lsoamyitrimethy!silane; b,p, 133-134°/751 mim, 


Found %: 66,64, 66,81; H 14,04, 13,98, Cslculated C 66,58; H 13,37, 


2, Nonyltrimethylsflane, From 4,5 g of lithium, 45 g of =e fodide, and 16 g of henge 
lane was obtained 7,2 g (yield, 88.8%) of nonyluimethylsilane; b,p, 83-85°/5 mm, 


Found %; C 72,54, 72,59; H 13,92, 13,82, CygHygSt, Calculated %; C 71,91; H 14,08, 


3, Nonylmethyldibutylsilane, Fom 6 g of lithium, 55 g of buty! bromide, and & g of nonylmethyldichloro- 
siiane was obtained 4,2 g (yield, 71,2%) of nonyimethyldibutylstlane; b,p, 160-162°/5 mm: 


Found %o; 76,88, 76,85; H 13,89, 13,87 CyltySt, Calculated %: C 78,98; H 14,17, 


4, Decylmethyldibutylilsne, From 4g of Hthium, 50 g of butyl bromide, and 7 g of decylmethyle 
dichlorosilane was obtained 5,2 g (yield, 63, 4%) of decylmethyldibutylsilane; 162-164°/5 mmy 
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Found $e: C 76,47; 76,30; if 14,02, 14,07, Calculated C 16,42; H 14,18, 


5, Heptyltributy silane, From 14 g of lithium, 140 g of butyl bromide, and 74 g of heptylaibromosilans 
was obtained 42 g (yield, 70%) of heptyluibutylsilane; 144-146°/2 mm; 


Found %; C 76,22; 76,24; H 14,16, 14,17, CyHgSt, Calculated %: C 76,42; H 14,18, 


_ 6, Nonyltributylsilane, From 15 g of ithtum, 140 g of buty! bromide, and 50 g of nonyitrichlorosilane 
was obtained 42,4 g (yield, 6&%) of nonyltiburylsilane; bp, 167- 168°/5 mim; 


Found %: C 77,06, 77,10; H 14,46, 14,32, Costly Si, Calculated %: C 77,22; H 14,37, 


1, Decyltributyisilane, From 9 g of lithium, 90 g of butyl bromide, and 30 g of decyltrichlorosilans 
was chtained 25,7 g (yield, 67%) of decyltibutylsilane; b,p, 176-178°/§ mm, 


Found %; C 177,59, 77,56; H 13,94, 14,01, CyHySt, Calculated %; C 77,56; H 14,20, 


8, Hexadecyluibutyisilane, From 4 of lithium, 42 g of butyl bromide, and 9 g of hexadecyltrichloro- 
silane was obtained 6,4 g (yield, 60,4%) of hexadecyltributy silane; 219-223°/5 mm, 


Found %; C 79,03, 78,95; H 14,69, 14,12, CygtygSl, Calculated %; C 79,24; H 14,16, 
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CATALYTIC HYDROGENOLYSIS OP SYLVAN OVER VARIOUS CATALYSTS 


Associate Member Acad, Sci, USSR N, 1, Shuikin and I, F, Belsky 


The reactions occurring during the hydrogenolysis of furan homologs depends on three factors; process 
conditions, nature of the catalyst, and temperature, During hydrogenation of sylvaa in the liquid phase over 
coppér-chromium oxide, the furan ring cleaves almost equally at the 1,2- and 1,5-cther bonds, which results 
in the formation of, respectively, 1-pentanel and 2-pentanol {1}, In contrast to this, hydrogenolysis of sylvan 
in the liquid phase over Adams platinum cataiyst results in cleavage of only the 1,5-C-O bond (Z}, Hysro- 
gcnolysis of sylvan in the vapor phase over nickel {9} and copper (4) catalysts also occurs at the 1,5-C-O bond, 
but tie product of the reaction in this case Js not an alcohol, but a ketone (2-pentanone), 


We have Investigated the hydrogenolysis of furan homologs in the vapor phase over skeletal nickel-alumi- 
num catalyst, and it was shown that over this catalyst hydroganolysis takes place not only at the ether, but also 
at carbon-carbon bonds in the furan ring All furan homologs having an of alkeayl substituent ia 
the a-position undergo hydrogenolysia in diree directions; 


1,5-bond rupture 
U. fs and 1,4-bond rupture 
Q and 3,4-bond rupture 


’ At 178° and lower, the furan ring undergocs liydrogenolysis only fa directons (1) and (11), but st higher 
temperatures (235°) it also proceeds in direction (IM), In the present article, we present the result of aa iam 
vestigation of the hydrogenolysis of sylvan in the presence of various catalysts; platinum on carbon (15% Pt}, 
palladium on carbon (10% Pd), Adkins coppes-chromium oxide, nickel on alurminun oxide (30% Ni), and skele- 
tal nickel-aluminu:n catalyz, 


This last was prepared by leaching 10-15% of the aluminum from a Ni-Al alloy containing 27%NL The 
reaction was carried out in a flow-type apparatus in the vapor phase at 275°, The sylvan space rate was 0.1 
hours”! The products were fractionated in a column with 30 theoretical plates, and were then identified by 
determination of the physical constants and by conversion of the ketones formed to the semicarbazonet, 


Hydrogenolysis of sylvan over skeletal Ni-Al catalyst, By passing 120 g of sylvan over Ni-Al catalyst is 


a stream of hydrogen at 275°, 92 g of catalyzate was obtained, from which the following compounds were fs0- 
lated; 


1, Acetone (35%), Semicarbazone, mp, 186°, 


2, Methyl ethyl ketone (24%), 78,5-79,5° (743 mm), aie 0.8068, nb 1,3796, Semicarbazone, 
146-147°, 


3, Methyl propyl ketone (36%), b.p. 100,5-001°(743 0.8071, 1.3912. semicarbazone, 110°, 
The higher boiling fraction of the gatalyzate (amounting to about 5%) was not investigated, The gascow 


reaction products, after separation from hydrogen, were analyzed chromatographically, The composition was 
methane (3%), ethane (64%), propane (22%), and butane (11%, 


R amy 
| 
: 


Hydrogenolysis of sylvan over Ni ALOy catalyst, Hydrogenation at 275° of 100 g of sylvan gave 67 g of 
catalycate and 16 g of water, Unconverted sylvan (26%), n-pentans (10%), and incthyl propyl ketone (9%) were 
isolated in the pure state from the catalyzate, 


A fraction boiling at 77-80° (753 mim), nf§ 1.3930, which amuunted to 8%, gave 2 semicarbazone with 
aim.p, of 147%, which indicates the presence of methyl ethyl ketone in the fraction, Aftez ucatment of this 
fraction with sodium bisulfite, pure tetrahydrosylvan was obtained, 


A large part (37%) of the catalyzate boiled in the range of G0-150* (8 mm); It was not Investigated 
further, It was probably a mixture of glycols and condensation products, 


120 g of sylvan was subjected to hydrogenation at 400%, This gave 78 g of catalyzate and 16 g of water, 
The catalyzate contained unconverted sylvan (24%), n-pentane (8%), acctone (10%), methyl cthy! ketone (6%), 
tetrahydrosylvan (6%), methyl propyl ketone (6%), and higher boiling residue (40%), 


Hydrogenation of sylvan over copper-chromium oxide, The copper-chromium catalyst was only slightly 
active for the hydrogenation of sylvan in the vapor phase at 275°, After a single pass of the sylvan over the 
catalyst, about 80% of the sylvan was unreacted, The reaction products consisted of 2-pentanone (75% yleid, 
calculated on the sylvan converted and a residue boiling above 150°, 


Hydrogenation of sylvan over platinized carbon, In a single pas over the platinum catalyst at 275°, 120 
g of sylvan gave 116 g of a catalyzaie containing 2-pentanone (89%) snd unconverted sylvan (19%), 


Hydrogenolysis of sylvan over palladinized carbon, Hydrogenation of 120 g sylvan at 275° over palladium 
deposited on activated carbon gave 118 g of a catalyzate consisting of tetrahydrosylvan (71%) and 2-pentanone 
(29%), 


The results of the present investigation lead to the conclusion that the direction and depth of the hydro- 
genolysis of the furan ring depends essentially on the nature of the catalyst 


Platinum deposited oa carbon Is selective for the hydrogenolysis of the ting in sylvan onty at the 1,5 
ether bond, 


1,5-bond rupture 
LI 


¢v 


The exclusive presence of 2-pentanone and unconverted sylvan in the reaction products shows that at 
275° over platinum catalyst, the hydrogenolysis reaction proceeds at sn incompsrably higher rate than does 
hydrogenation of the double bonds in the ring, 2-Pemtanone fs forrned in practically quantitative yield cale 
culated on the reacting sylvan, On the other hand, palladium catalyst is effective In the hydrogenation of 
the doubie bonds {n the ring, but displays only a Jow activity with respect to hydrogenolysis of tie ether bond, 
As In the case of platinum, fn the presence of palladium the furan ring undergoes hydrogenolysis oniy at the 
1,5-bond, which results in the formation of 2-pentanone, At 275°, the copper-chromiu:n catalyst displays very 
high activity for both hydrogenation and hydrogenolysis of the furan ring, In contrast to the hydrogenoiysis of 
sylvan in the liquid phase over copjcr-chromium oxide, which leads to the formation of two alcohols {1}, the 
vapor-phase reaction over this catalyst proceeds only with the rupture of the ether bond not adjoining the side 
chain, 


There is a wide difference between skeletal nickc]-aluminuin catalyst and nickel on aluininum oxide with 
respect to their ability to promote hydrogenolysis of the furan ring, Over nickel-alumina catalyst at 275°, only 
about 15% ketones is formed; 85% of the catalyzate consists of unconverted sylvan, n-pentane, and high boiling 
compounds, This shows that nickel on aluminuin oxice promotes processes involving deep decomposition of the 
furar ting and the formation of molecules having a more compicx composition, 


Over skeletal nickel-aluininumn catalyst, the furan ring undergocs hydrogenolysis in three directions; 


4 
4 


1,5-bond 
/ 


CH, 
4 
f 1,5- and 4,5-bond rupture 


Aus and 3,4-bond rupture, 


These results are in agreement with our previous observations (5-7) on the hydrogenolysis of higher furan 
homologs over skeletal nickel- aluminum catalyst, Thus, of all the catalysts investigated only skeletal nickel- 
aluminum catalyst has the ability to promote smoothly the hydrogenolysis of the furan ring both in the dirce= 
tion of cleavage of the 1,5-cther bond and In the direction of paired cleavage of the 1,5- and 4,5- and of the 
1,5- and 3,4-bonds, This property of the catalyst presents the practical possibility of the production of all- 
phatic ketones of different structures through hy drogenolysis of alky! furans, 
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THE BINDING OF LIME IN CALCLUM HYDROSILICATB UNDER NORMAL 
CONDITIONS 


F. Abrosenkova, G. 1, Logginov and AcademiclanP, A. Rebinder 


It it generally assumed that the formation of calcium hydrosilicate when Ime fs reacted with silfca In 
water medium can be realized in the hardening of ilme-silica cements for construction materials enly under 
the conditions of hydrothermal treatment in autoclaves at temperatures of the order of 170, It was believed 
that this process fails to go at ordinary temperatures, f,¢., it does not appear in a noticcable increase in the 

strength of the shaped article, 


A study of these processes has been the subject of quite a few paper, dealing with the technological 
schemes for the production of silicate brick, tile and a serics of construction items {1}, However, some cone 
struction materials like, for example, wall blocks, finding constantly expanding uve in the construction of lows 
. storied buildings, do not require the high strength that can be obtained with the autoclave treatinent, 


On the other hand, the studics made by us to develop the physicochemical principles underlying the 
technology of manufacturing wall construction blocks (2) give basis to assume that, together with hydrational 
hardening (3,4) of the Hme-sand cement, there {s also gradual binding of the calcium hydrosilicate Jn the sure 
face layers of the grains of sand, The greater the surface area of the san4 grain-and the stronger {ts activation 
during the process of mutual grinding with me, the greater was the amouat of lime bound in the calcium hyéros 
silicate, 

By means of the radioactive Ca" jsotope, used as the hydroxide Ca® (O1)g, It was established on coane= 
grained sands that the amount of bound calcium {+ proportional to the specific surface of the sand{5}. In the 

first stage the binding of the calclun bears an frreversible adsorption character, migrating into a surface cheml= - 
cal reaction, 
This same method was used In the indicated paper to study the Kinetics for the slow binding of calcium 
from a saturated solution by sand with a more highly developed specific surface (up to 29 5q m./g.). For this 
Purpose a method for the determiaation of calclum was developed, which excluded the Influence of carbon 
dioxide from either the water ov the atmosphere, The amount of bound calcium was determined by the differe 
ence in the activities of the original calciuin hydroxide solution and the same solution after the lime had been 
allowed to react with the sand for a given length of time, | 


In accord with the character of the kinetics curves shown {n Fig, 1 the process for the binding of lime in | 
calcium hydrosilicate at room temperature consists of two stage Irreversible binding in the surface layer of 
the sand grains during the early days and then a diffusion process, proceeding at a constant rate, 


Actually, if the area ts calculated, corresponding to a monomolecular covering of the calcium hydroe 
silicate for transition to a constant binding rate, then the amount of }ime, bound by 1 sq mm, of the sand 
grain surface, in such a covering proves to be constant (Pig. 1) This calculation leads to Sy = 6AY/Ca fon, 
The next stage for the reaction of lime with sand bears the character of a diffusion process, 


When finely ground sand, activated during the process of its mutual grinding with the lime, is added to 
the cement composition, the strength of the articles, prepared on this binder with a sand (\nground) filler, 
shows & constant {ncrease with time, Increase in strength of these articles under natural conditions is deter 
mined by the concurrent processes of binding the Mime Ja the calcium hydrosilicate by silica and in the calclum 
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vet 


carbonate dy carbon dioxide, The indicated processes proceed very slowly, since the dif‘usion process Hes at 
the base of both processes, 


hour 


Fig. 1, Kinetics of the binding of calcium oxide by 


sank 1) not 
sq cm./g; 
sq. om./g. 


TABLE 2 


ground, with a specific surface of 150 
2) ground, with a specific surface of 500 


ng/g 


days 


Fig. 2. Kinetics of the binding of calcium oxide by 
finely ground sand with specific surfaces 1) 0.7 sq. m./g.s 
2) 


TABLE 1 


Batch compotion, & limit, kg/enm 
binder | 
sound 5 
E 

12.5) 12.5 7 17.5] 20] 28] —] 49] — 
(coarse) 

10 10 12] 20] 28 | 30] -- | 48 
(medium 
grainy) 


values frorn = 


Specific surface Amount of CaO,] Adsorption a/s 
sq in./g. bound witha full] # G mg./*q. 
cover a, mg./g, 


0,015 0,025 1.6 
0,05 0,07 : 1.4 
0,15 0,25 
0.7 ‘ 1,0 1.4 


29 4.5 


Thus, for hollow blocks with dimensions [90x 190x 
*190 cu, min,, prepared on a 1; 1 Lime-sand binder 
from unslaked lime, ground cogether with sand to an 
effective specific surface of 1,25 sq m./g., the resiste 
ance to compression shows a constant Increase, Small 
amounts (& 2-0,4% on the weight of lime) of sub= 
stances, functioning as plasticizers and as retardcrs of 
the hydrational hardening, were added to the mixing 
water (Table 2) 


For the data given in Table 2 we took the average 


any portions of the blocks, prepared by the technology that had been worked out together with the 


All-Union Scienti fle-Research Institute of New Problems on the Fine Grinding of Construction Materials by the 
Vibro Principle (VNIITISM) 


Suffictent basis exists to assume that the carbonation of calcium hydroxide proceeds at a much slower rate | 
than does {ts silicatization, In part, dhis Is confirmed by the xeray structure analysis datas when kept under ordle 
nary conditions the Une, characteristic for calcium monohydrosilicate and corresponding to an interplanar dise 


to calcium 


carbonate, is absent, 


tance of 3,01 A[6}, appears on the x-ray pattern only after the lapse of 2 years, while the Une, corresponding 


{ 2 2 
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TAUTOMERISM OF DIPHENYL PHOSPHITE 


Acad, Sci, USSR Conespondent Member M. I. Kabachnik and Yu. M. Polikarpov 


The tautomerism of the dialkyl phosphites 


discovered by A, E. Arbuzov (1) and Milobendzki (2), has been the subject of numerous Investigations, On the 
basis of studying the chemical properties and the spectroscopic and refractometric data it can be considered 
established that the position of the equilibrium for this tautomeric system fs strongly shifted toward form L 

The dialkyl phosphites in the free state do not show the properties characteristic for trivalent phosphorus come 
pounds, and in particular they do not react im the sense of addition involving the free electron pair on the phose 
phorus atom tn form IL In solutions the dialky) phosphites also do not show a capacity for addition reactions, 


except with strongly baste compounds, such as the tertiary amines, In these solutions, together with undissoclae 
ted dialkyl phosphite, molecules, salts of the type 


RG J 


are present, the anion of whick. easily adds sulfur [3] and phenyl azide [4], It was shown by M. L Kabachnik 
and E. L. Golubeva 5) that the dialky! phosphites add sulfur with comparative ease also In dioxane medium, ia 
which form II can be stabilized by the stable hydrogen bond 


P — OH eee 0. 
RO CH,—CH, 


All of these data indicate that the equilibrium of the dialkyl phosphites Is shifted toward form I, and the 
action of definite external factors is necessary to enable the system to show the propestics of a trivalent phose 
phorus compound, If we proceed from the represcntaticns, developed by one of us (6), and regard the tautomeric 
equilibrium shown by the dialkyl phosplittes as being an acid~base protolytic equilibrium, shifted toward the 


R RO NCH, RO 


\ 
P P — NICH, 
RO i 


kO H. RU 
1 
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less acid form J, then in the transition to analogs of the dialkyt phosphites it is possible, by changing the struc 
ture of the molecule in suitable manner, to change the ratio of the acidity constants of the forms and in that 
way obtain systems with a different position of the tautomeric equilibrium, Thus, the equilibrium of the dial- 
kyl thiophosphites, as was shown by M. L. Kabachnik and T, A. Mastryukova (7), fs strongly shifted toward form 
Itt, in which connection there fs basis to assume that it fs shifted to an even greater degree than for the dialkyl 
phosphites, while the tautony rie equilibrium of the dialkyl antlidophosphites, studied by M. 1. Kabachnik and 
V. A. Gilyarov (8), is already shifted toward form VL Such a difference in the tautomeric ratios is explained 
by a decrease in the fonicability of the bonds in the series) SH>OH>NH, In the presented two cxamplcs @ 
change in the position of the tautomeric equilibrium was achieved by a very substantial change in the compost 
tion of the diad systems 


Our problem was to find a similar type of effect with retention of the diad system of H-P=O bonds, charac- 
teristic for the dialkyl phosphites, This could be expected if the alkoxy groups of dialkyl phosphites were ree 
placed by more electrophilic groups, the influence of which would be to raise the acid properties of form L 
We chose diphenyl phosphite as an cxample of this, If the above considcrations are correct then diphenyl 
phosphite, in contrast to the dialkyl phosphites, should be characterized by showing the typical reactions of 
addition to the unshared pair of electrons of trivalent phosphorus 


Two litcrature teferences exist on the synthesis of diphenyl phosphite (9,10), The chemical properties 
of diphenyl phosphite have not been studied, 


We chtained diphenyl phosphite in quantitative yield by the careful saponification of diphenyl chloro= 
phosphite fn ether with an equivalent amount of water, followed by removal of the hydrogen chloride and 
solvent in 


PC1 + HO —> + HCL 


Rp. 100-101" at 3° 10% mm, 1.5590, 1.2918, MRp found 61,37, 


Found 9 C 61,39; 61,53; H 4,35; 4.47; P 13,20, 12,97, CyHyO,P. Calculated % C 61.54; H 4,73 
P1424 


The Infrared spectrum of diphenyl phosphite shows distinct absorption bands, Indicating the presence of 
P-H (2420 em) and P=O (1230 cm™) bonds in the molecule; a noticeable absorption failed to be observed fa 
the region characteristic for the hydroxyl group (Fig. 1), As a result, the spectroscopic data speak in favor of 
a diphenyl phosphite structure with a pentavalentphosphorus atom; a comparison of the found molecular refrace 
tion (61.37) with the values, calculated for cach of the structures separately (calculated MRp for VI = 61,46, 
and for VIII = 63,37}, leads to the same conclusion, 


However, the chemical properties of diphenyl phosphite very definitely tesufy to the presence of a sub= 
antial amount of form V10 in equilibrium with form VIk 


, Cl 
P—Oll. 


C,H,0 H C,H,O 
vill 


P 


We found that diphenyl phosphite enters into the following characteristic reactions of addition to the free 
electron pair ¢f trivalcn: phosphorus, 


Addition of Phenyl Azide, It is known that triaixyl~ and triarylphosphines add phenyl oe with the 
formation of phosphinimines, M. L Kabachnik and V, A, Gilyarov extended this reaction to the full csters of 
trivalent phosphorus acids; the dialkyl phosphites do not react with phenyl azide (12), 


We found that diphenyl phosphite already reacts in the cold with phenyl azide to sy diphenyl anilido= 
phosph ates 


- 
st 
° 
3 
154 


OH 
~-Ny 4 7 
(C,H1,0), POH 4- CoHyNg -—--+ | (CyH,O),P (CgH1,0),P 
NHC,H, 


A mixture of equimolar amounts of diphenyl phosphite and phenyl azide was allowed to stand in a sealed 
ampul in the dark at room temperature for 4 months, The yield of diphenyl 'anilidophosphate was 25%, m.p. 
128-12 (from aqueous alcohol), the mixed m.p. with the authentle substance, obtained from diphenyl chloro- 
phosphate and aniline, was not depressed. From the literature (13), m.p. 129-130, When heated the reaction 
proceeds much more rapidly and with a better yield (in 3 hours at 100°—-50%), 


Fig..1, Infrared spectrum of diphenyl phosphite (for compatison the spece 
trum of triphenyl phosphite (11) fs given at the bottom) 


Adsition of Sulfur, In the alxence of solvent and base the dialkyl phosphites do nut add sulfur, In cone 
trast to thein, diphenyl phosphite reacts with sulfur whea equimolar amount of the two reactants are heated in 
the absence of a solveng 


Non 


The sulfur reacts to the extent of 77% in 6 hours at 120, The diphenyl thiophosphate, together with une 
reacted diphenyl phosphite, was isolated by treating an ether solution of the reaction mixture with aqueous alkali 
and subsequent acidification with hydrochloric acid, Diphenyl thiophosphate was characterized as the cyclo 
heaylammonium salt colorless needles (from aqueous alcohol), yield 26% (calculated on the basis of reacted 
sulfur), 127-12%, From the terature (14), m.p, 127-128, 


Found % C 59,29, 59,37; H 6,63, 6,76; P 8,45, 8,42; $ 8,58, 8,38; N 3,76, 3,73, : CluooPan Cal- 
culated % C 59,16; H 6,62; P 8.48; $ 8,76; N 3,83, 


The addition of sulfur under the indicated conditions {s accompanied by hydrogen sulfide evolution, and 
_ together with the diphenyl thiophosphate, a substantial arnount of triphenyt thiophosphate was isolated from the 
reaction mixture, 


Addition of Cuprous Chloride, The reaction with copper monohalides, leading to the formation of crystale 


= 1000 500 cm | 
| | 
| 


line complexes, was proposed by A. E, Arbuzov[1) as being characteristic for trivalent phosphorus compocnds, 
It was specifically on the basis of the dialkyl phosphites failing to show this reaction thet A. EB, Arbuzov con= 
eluded that the phosphorus atom in them was peatavalent, 


— We found that cuprous chlotide dissolves in diphenyl phosphite with the formation of a crystalline come 
plex having the composition (Cgt,O), POH 


_ After short heating of equimolar amounts of the reactants, followed by solution of the reaction mixture 
in ether and removal of most of the unreacted cuprous chloride, the complex was precipitated with methyl 
‘alcohol, and then reprecipitated from dioxane with —— ether, white powder, decomposing when heated 

to ~120, 


Found % C 43,27, 43.52; H 3.22, 2.19; Cl 10,67, 10.87, Calculated Je C 43,26; 
H 3.33; Cl 10,64; Ash 45,17, Found Ash 44.61, 44.88. 


Reaction of Dipbenyl Phosphite with Diaz omethane, In contrast to the dialkyl phosphites, diphenyt phos 
phite, being more acidic, reacts with diazomethane in ether solution with the liberation of nitrogen: 


(CoH sO + CHyNg + Ng 


Removal of the excess diazomethane with the solvent, anions by vacuum-fractionation, gave diphenyl 
methyl phosphite, Yield 58%, bsp, 101-103/2 mm, nf 1. 1.1663, MRp found 68-56, calculated 
€8-10, From the Literature £15}, bp. 165,5-166,5°/12 mm, 1.5528, 1.1644, 


Found %; C 6288, — H 5,36, 5,35; P 12,11, 1211, Calculated %: C 62,90; H 5,28; 
P1248, 


The obtained diphényimethyl phosphite was dissolved with heating in cuprous chlorides after wo preci« 
pitations from ether with methyl alcohol the complex (CsH,O),POCH,* CuCl was obtained ia nearly quantitae 
tive yield, being & very vitcous clear colorless sirup, which we were unable to crystallizes 5 


Found C 45.57, 45.44; H 3,77, 3.74; Cl 10,20, 10.385 Ath 43.00, 42.84, CyHyO,PCuCl, Calculated 
$e: C 44.97; H 3.77; Cl 10,215 Ash 43.35, 


The addittoo of diazomethane to yield the full phosphorous acid ester can be regarded as still further 
proof (within the scope of the rigid criteria of Arndt {15)) of the presence of the tautomeric form with tre 
valent phosphors tn the diphenyl phosphite equilibrium system, Here, in contrast to the previous addition ree 
actions involving the free electron pals of the phosphorus, this form was shown by 3 reaction involving the 


hydzoxyl group, 
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COMPLEX FORMATION AND CHAIN STRUCTURE IN THE POLYMERIZATION 
OF DIVINYL WITH BUTYLLITHIUM 


V. A. Kropachev, B. A. Dolgoplosk and N. I. Nikolaev 
(Presented by Academician V. A, Kargin, February 27, 1957) 


It was established in a number of studies (1-3) that the chain structure in the catalytic polymerization 
of monoolefins and dienes ts determined to @ large degree by the nature of the catalytic complex, participate 
ing in the polymerization process, At the same time it was shown that the Initial catalytic complex bears a 
disect relationship to cach elementary act of the chala growth, 


The fsolaticn of organolithium compounds ta the pure state fs associated with great-experimental diffle 
culties, Together with the formation of the organoineta) compounds the possibility of a complex mixture ef 
thelr oxidation products being formed 1s not excluded To elucidate the influence of the indicated oxidation 
products on the chain structure In the polymerization of butadiene it scemed expedicat to investigate the ine 
fluence of oxygen, 


As the result of the investigation made by us It was established that {a the polymerization of divinyl 
with organolithium compounds the tntroduction of comparatively smal) amounts of oxygen Into the system 
leads to a substantial increase io the number of 3,2 links in the polybutadiene at the expense of a reduction 
in the number of 1,4 The addition of either alcohol or phenol exerts a similar influence on the structure - 


of the pelymeric chain (Table 1), 


in principle tc oltained results are of interest fa the sense that they show the aced for protecting the 
system froia the entrance of oxygea when the problem {s to synthesize divinyl polymer with the maximum 
amount of 1,4 Mnks in the chain, The influence of oxygen on the polybutadiene structure is apparently due 
to the formation of oxygen-containing products, which form complexes with organolithium compounds, 


A similar effect is shown by the dialkyl monosulfides, the influence of which was studied by us in detail, 
The effect of adding dimethyl, dipropyt and diisopropyl sulfides on the structure of the polybutadiene chain 
when the polymerization was done In the absence of oxygen was studied, 


The experimental data, obtained when butadiene was polymerized with butyllithium In the presence of 
dialkyl sutfides, revealed that the latter substantially incrcase the amount of 3,2 links in the chain, In the 
case of dimethylsulfide the amount of 1,2 links ts Increased from 12 to 68% (Table 2), 


From the data given in Table 2 it can be seen that the influence of the dialkyl sulfide decreases with 
increase in the size of the alkyl radical, Earlier (4) we had shown on the example of butyllithium the ability 
of organolithium compounds to form complexes with dimethyl sulfide, The insoluble complex obtained here 
had the composition 


CH, 


CH, 


. 
+ 
« 


In general form such compounds can be written as RMe-S_ 
x 


k” 


» where Me is an alkali metal, 


and R, Rb and R® are alkyl radicals, Although it is probable that complexes of greater complexity than those 
isolated by us can participate in the polymerization process, the influence of complex: forming additions on (he 
chain structure can be depicted as being in accord with the representations of Ziegler (5) that the polymerizas 
tion process is a consecutive organometallic synthesis, For the given case this scheme can be depicted as fol- 
lows 


R = + R-- Cll, — Me-S 
Rin Ri 
R, 
Ru Rn 


TABLE 1 TABLE 2 


Polymerization of Divinyl with Butyllithtum at 50 Polymerization of Diviny!l with Butyllithium at with 
in Petroleum Ether Solution in the Presence of Ad= Additions of Dialkyl Solfides in Petroleum Ether $clue 
ded Oxygen , Alcohol of Phenol tion 


Loncen= Butyll- oucen- 
g| Name of of =33 SlName of |‘hium ration of abs 
Zladdidve jsoncen- Puditive concen bdditive |S Og 

| 

1 ;Without 0.040 {2 | Without {2 
2 additive 0,055 2| additive 0.060 1M 
3 0.056 3 0.30 
4 0,060 10 0.30 42 
1 [Oxygen 9,050 | 0.018 32 { |Dimethyl 9.14 61.74 | 62 
2 0.050 0.037 21 sulfide 0.19 42.0 | 68 
0.06 | 0.22 |29 
4 0.057 | 0.037 {33 » | Dipropyt : ; 
5 0060 | | 26 sulfide 
0.130 0.014 Dii 

| Dilsopropyl | | 125 
1.36 5. 130 sulfide 
2 benzylate® 1.36 37 
{ Lithium 0.45 5.79 35 


In view of the fact that the complex-forming ade 
ditive ts bound directly to the metal of the organometale 


* The benzylate and phenolate are shown, since lic compound, it exerts an influence on the character of 
the reaction of butyllithium with hydroxyl-con- the carbon~inetal bond during the whole process of forme 
taining additives leads to the formation of these ing the chain and in that way it exerts an influence on 


eabstances even before the monomer Is Introduced _the structure of the polymes, 
into the system, 


| 
= 
4 % 
. 
k 
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THE INFLUENCE OF SUBSTITUENTS ON THE STRENGTH OF 
FERROCENECARBOXYLIC ACIDS 


Nik. A. _Nesmeyanoy and O. A. Reutoyv 
(Presented by Academician A, N. Nesmeyanov, March 1, 1957) 


As is known, ferrocene shows the properties of an aromatic compound in substitution reactions {1-8}, In 
the present study we throw some light on the related problem of transmission of the mutual influence of sub- 
stituents through the ferrocene nucleus, 


We prepared the ferrocenecarboxylic acids of general formula 1 (Y 
—COCH;) and measured their dissociation constants, 


Acctylferrocenecarboxylic acid was obtained by the Friedel-Crafts reaction from the methyl ester of fere 
rocenecarboxylic acid with subsequent saponification of the formed product. The position of the substituents fn 
this compound was shown by its oxidation to the ferrocencdicarboxylic acid described by Woodward, the carboxyl 
groups of which are located in different rings, which had been established by various methods (4,9,10}, Ethyle 

ferrocenecarboxylic acid was obtained by the Clemmemen reduction of acetylferrocenecarboxylic acid, and 
consequently it has the same anangement of the substituting groups, Butyrylferrocenecarboxylic acid was ob 
tained by the Friedcl-Czafts reaction, and its reduction gave butylferrocenecarboxylic acide The infrared 
spectrum of the methyl estez of the first of these acids (the 1000 and 1107 cm™ frequencies, characteristic for 
an unsubstituted ring, are absent), and sls its method of preparation (similar to that used for the preparation of 
diacetyiferrocene and acetylferrocenecarboxylic acid), testify to the fact that the substituents are found in dif- 
ferent rings, The moaomethyl ester of ferrocenediccboxylic acid was obtained by the incomplete hydrolysis of 
dimethyl ester, 


The dissocaition constants of the acids obtained by 
us, and also those of ferrocenecarboxylic, butyric and 
benzoic acids, are given in Table 1, 


A comparison of the dissociation constants of the 
ferrocenecarboxylie acids reveals that the introduction 
of an alkyl group in the unsubstituted ring of the ferro= 
cenecarboxylic acid lowers the dissociation constant, 
while the introduction of a negative substitutcnt raises 
it, Thus, acctylferrocenccarboxylic acid is 24 times 
stronger than ferrocenecarboxylic acid and 3,3 times 
stronger then ethyl ferrocenecarboxylic acid, 


In the benzene series p-acctylbenzolc acid ts 4,2 
times stronger than benzoic acid (11), while p-carbo- 
_methoxybenzole acid is 3,8 times stronger than the latter (in 50% ethanol by volume)(12}, As a result, the 
influence of substituents in the other ring of the molecule on the dissociation constant of ferrocence arboxylle 
acid is fully comparable to the influence of these same substituents in the p-position on the dissociation cone 
stant of benzoic acid, 


The fact that the influence of substituents in one of the ferrocene rings Is transmitted to the other ring ts 
* The synthesis of the butyryl and butylferrocenecarboxylic acids, and also the determination of their dissocla= 
tion constants, was done jointly with G, N, Lapshin, 


} Fes, 
763 


also supported by our work on the culfonation of ferrocene in the presence of an equimolar amount of ferrocene 
carboxylic acid (concurrent sulfonations) Here the terrocencearboxylic acid docs not change, while the ferro 
cene shows almost complete sulfonation, We were able to sulfonate the ferrocenccarboxylic acid under more 
drastic coaditiony As a result, the carboxyl group exerts influence on the unsubstituted ring of the 


molecule 


It should be mentioned that all of the systems that have been well studied up to now, effectively trans 
mitting a mutual inMuence, have an unbroken chain of carbon atoms, In principle the ferrocene molecule tf 
different in that in it one of the links of the transmitting system Is the fron atom, 


Preparation of Acetylferrocenecaiboxylic Acid, To a mixture of 5,0 g (0,037 mole) of aluminum chio= 
ride, 2.25 g (0.020 mole) of acetyl chloride and 20 ml of CCL with cooling to +10 was added in 15 minutes 
a solution of 5 g (0.0205 mole) of the methyl ester of ferrocenccarboxylic acid, After standing for 1 hour with 
periodic stirring the mixture was treated with ice water, The substance obtained after removal of the solvent 
was recrystallized from methanol; yield 3.2 g (58% of theory) After two recrystallizations from ligroin the 
methyl ester of acetylferrocencearboxylic acid melts at 92,5-94,%, 


Found th: 58.78; 58,69; 5.05, 5.02; Fe 19.46, 19,43, Calculated C 58,77; H 4,94; 
Fe 19,52 


The methyl! ester of acetylferrocenecarboxylic acid was sapontficd by heating with 20% NaOH. After two 
tecrystallizations from benzene ihe m.p, of acetylferrocenecarboxylic acid 1s 153-15P, 


TABLE 1 


68%CH,OH, 20° 
Acid 


e—C,H,—COOH 

GH.—GH —Fe-—C,H,—COOH 


Found %; C 51,74, 57.58; H 4.47, 4.53; Fe 20,34, 20,15, Calculated C 57.38; H 4.45; 
Fe 20,52 


Preparation of Ethytferrocenccatboxylic Acid, A suspension of 7 g of acctylferrocenecarbovylic acid ia 
50 ml of acetic acid was added to amalgamated zine (prepared from 20 of powderlike zinc and 1,5 g of mere 
curic chloride), To the mixture with stirring was added 20 ml of hydrochloric acid, and the same amount was 
again added after 90 minutes, The mixture was heated at 70 for an hour, and then it was diluted with a double 
volume of water; the obtained precipitate was filtered, and then repeatedly extracted with hot chlorofcrm; the 
solvent was vacuumed{culled, Yield 4,9 g (70% of theory) After recrystallization from ligroin and cthanol, 
mp. 75,5-77,5, 


Found %; C 60,58, 60,44; H 5,27, 5.48; Fe 21.89, CyyHygFeO, Calculated C 60,50; H 5.47; 
Fe 21,64, 


Preparation of Butyrylferrocenecarboxylic Acid, The methyl ester of butyrylferrocenecarboxylic acid was 
obtained in 45% yield in the same inanner as the methyl ester of diacetylferrocenecarboxylic acid; mp, 54.5° . 
55,8, 


Found %q © 61,86, 61,75; 14 5,90, 5,89; Fe 17,63, 17,51, CyQygFcO,. Calculated fe C 61,21; H 5.82; 
Fe 17,89, 


| 
0.3 | 4. 
0.31 | 6. 
ee: 0.37 | 6. 
0.54 | 6. 
wig 4.13 5S. 
1.25 ] 5. 


Saponification of this ester gave butyrylferrocenecarboaylic acid, After recrystallization from CC and 
methanol, mp. 114-115, 


Found C 60,36, 60,14; 5,52, 5,38; Fe 17.71, 17.50, C 60,01; H 5,37; Fe 17,61, 


Preparation of Mtyiferrocenccarboxyle Acid, Butylferrocenccarboxyllc acid was obtained by the same 
method as ethylfert ‘ecarboxylic acid, It was recrystallized from ligroin and methanol, Yield 74% mp. 
13-14,8, 


Forad%: © 63,16, 63. 3.054 H 6,59, 6.45; Fe 19.41, 19,34, Calculated C 62,96; H 6.34 
Fe 19,52, 


Oxidation of Acetylicrrocenecartoxylic Acid, A mixture of 0,7 g (0.0026 mole} of acetyl ferrocenecarto= 
xylic acid and 0,9 ¢ ((0,0036 mole) of iodine was was heated {n 1 ml of pyridine at 100 for two hours, after which 
10 mi of 15% NaOH was added, and the mixture was heated on the boiling water bath for another two hour, 
Then the reaction mass was diluted with 20 ml of hot water and filtered, Treatinent of the filtrate with hydro 
chloric acid gave a mixed precipitate of ferrocencdicarboxylic and starting acid; the latter was extracted with 
hot benzene, The residue was recrystallized from acetic acid to give 0.1 g of ferrocencdicarboxylic acid, which 
was methylated with diazomethane, Recrystallization from methanol gave 0,06 g of the dimethyl ester of fere 
rocenedicarboxylic acid with m.p, 114-115, which was not depressed whea mixed with the authentic substance 
(from the literatuse, 114-119 (4)) 


Preparation cf Monomethy! Ester of Ferrocenedicarboxylic Acid, The monomethy! ester of ferrocenedie 
carboxylic acid was obtained by the 50-minute heating of 4,5 g (0,015 mole) of the dimethyl ester of ferro 
cenedicarboxylic acid with 0,6 g (0,015 mole) of NaOH, 2 ml of water and $C mi of methanoly m.p, 147,5-149.5, 
Yicld 2.05 g (24.5% of theory) 


Found C 54,75, 54,73; H 4,50, 4.435 Fe 29,42, 19.27. Calculated C 54,30; H 4,20 
Fe 19,38, 


Sulfonation of the Methyl Ester of Fer ocenecarboxylic Acid. A solution of 1,9 g (0,0078 mole} of the 
methyl ester of ferrocenecarboxylic acid it: 20 ml of dry dichlorocthane, cooled to +5°, was treated in portions 
with an earlier prepzred solution of 1,2 (0,015 mole) of sulfur trioxide and 3,0 g (0,034 mole) of dioxane ta 
20 mi of dichloro-thane, The m! “vas allowed to stand in a closed vessel at @ and in 2% hours was gradue 
added with stitring to an for -cu uther solution of diazomethane (three-fold excess of diazomethane), 
After standing for an vour the solution was Hitered, washed with water, and the solvent vacuumedistilled, The 
dimethyl ester of ferrocenesulfocarboxylic acid was recrystallized from Mgroin and methane]; m.p, 93-95"5 
yield 0.9 g (34% of theory) 


Found %e: C 45.95, 46,08; H 4,09, 4.25, Cy,HyFeQ,S, Calculated % C 46,16; H 4,17, 


Concurrent Sulfonations, A mixture of 2.30 ¢ (0,01 mole) of ferrocenecarboxylic acid and 1,86 g (0,01 
mole) of ferrocene was dissolved tn 250 ml of dichloroethane, the solution cooled to +5, and to it was added 
in drops the earlier prepared solution of 0,85 g (0,0105molc) of sulfur trioxide and 4 g (9,045 mole) of dioxane 
in 15 ml of dichloroethane in 45 minutes, After standing for an hour at S* and for 16 hours at 15-20 the sole 
vent was vacuum-distilled and the residue was treated with 25 m! of 5% NaOH, The solution was filtered to 
give 0,18 g (10%) of ferrocene on the filter. Treatment of the filtrate with hydtochloric acid gave a precipitate 
of 2,0 g (90%) of ferrocenecarboxylic acid, and ether extraction of the filtrate gave another 0,10 g (4%) of this 
acid, The solvent was removed from the remaining solution in a current of alr with moderate heating, and the 
sodium salt of ferrocenesulfonic acid was recrystallized from water to give 1,2 g of the sub.tance, After recrystale 
Uzation the benzylthiuronium salt of ferrocencsulfonic acid melts at 219-221° (from the Literature, mp, 220 
222 (3) 


Determination of the Dissociation Constanty, The dissociation constants were determined potentiometri= 
cally in aqueous methanol (68 wt, % methanol) at 20, The following formulas were used to make the calculas 
tions 
* Ferrocenecarboxylic acid can be sulfonated in the same manneg, 


1 

168 


— 4- 
[NaOit] 4- 


M 


where M is the molar concentration of the acid in solution, which was always taken equal to 6,0000° 107M, 
The pH values for cach acid were measured for thece different degrees of neutralization, so that the NaOH 
concentration in these buffer solutions wag 1) 1.4145°107M, 2) 2.3575°107°M, 3) 3,3005*° 107M, 


An LP-4 potentiometer was used to make the pH measurements, and a buffer with pH 7.09 was used to 
calibrate the potentiometer scale, The dificrence between the individual pK, valucs, calculated by the givea 
formula, did not exceed 0,03 pKg units for cach acid, 
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SYNTHESIS AND DEHYDRATION OF UNSATURATED SILICON-CONTAINING 
ALCOHOLS 


Correspondent Member A. D. Petrov, L. L. Shchukovskaya, & 1. Sadykh-Zade 


end Yu. P. Egorov 


As is known, the dehydration character of aluchols fs determined by their structure and the nature of the 
alcohol group (tisuatly the tertiary alcohols are most easily dehydrated, followed by the secondary alcohols, 
with the primary alcohols being the most difficult to dehydrate) Ia the case of the silicon-containing alcohols 
the Indicated factors are also supplemented by the influence of the silicon atom, 


It was shown fn a number of studies (1) that alcohols with the alcohol group in the & =position to the Sf, 
both saturated and unsaturated, depending on their structure, usually undergo more or less B -decomposition to 
gether with dehydration, Unsaturated alcohols with the alcohol group in the y «position, and also the B <alcohols 
that do not undergo decomposition, both being the subject of the present Investigation, have been studied very 
Uttle, The first unsaturated alcohols ith the OH group in either the y - or B -position were synthesized by the 
reactions (2.4), 


Ne 


- CH —C1,031Ry — C == CH — CH,OH 


by 


Their dehydration has not yet been studied, 


The first unsaturated alcohol with ao OH group in the 6 -position and not undergoing decomporition was 
obtained (3) by the reaction, 


| 


Its dehydration with KHSQ, went with great ease and gave the fint silicon analog of methylisoprene, 


CH, 


— C CH CH,OH + CISIR, —C =a CH — 

= 

} 
TE 

He 


Charinntng this investigation in the present study, we synthesized the cyclic aaloys of the indicated alcohol 
and the silicohydmearbon by the reactions 


At catly as 1952 it was shown [4], after reacting dimethylacetylenylcarbinol with excess Grignard reagent, 
that the obtained derivative reacts with R,SICL Of the two possible courses for this reaction to proceck 


CH, 


\c—cH ch 
CHa CH -Q) 
CH, OMgX CHa, 
SIR 
buy (2) 


at the time, due to inability to dehydrate the obtained compound with lodine and oa the basis of some spectral 
data, preference was given to the first variation shown above, 


We repeated the synthesis ef the above fadicated compound for R # CH, and obtained a number of its 
analogs. All of these compounds were readily dehydrated with KHSOy The indicated results and a refinement. 
of the spectral data permit the conclusion that this action proceeds in accord wich equation (2) ° 


Mgt 


He 


To confizm the course of the reaction (in accord with equation (2)) by spectral methods proved possible 
due to our having recently obtained as standards the Raman spectra of a number of organosilicon compounds 
with a triple The position of the character'stic CxC frequency proved to be followlag (CH;),SiCaC— 
cm™, 2175 cm™, 2154 cm™, 
2116 cm™, From the presented values it can be scen that when the CmC bond fs in the @ position to the $i 

and not at the end of the chain) a line in the 2170-2190 cm™ region is observed, while with conjugation of 
the CaC and C=C bonds the frequency drops to ~2155 cm™, and when the shift Is to the end of the chain (and 


removal from the Si atom) the frequency drops to 2116 cm™, The last figure Is quite close to the value ob= 
served for 1-alkynes (for example, R~C=CH ~2150 


The Raman spectra obtained for alcohols 


H OH 

CH,SI C —C—CH, and (see below) 
OH; Hy 


: 
- 
3 
a 
ie 


WS 


puno}; 


um/>, *d 


sdnoiB 
HO jo 
3 g 
3 $s a3 A 
a 
3 
| 
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were found to contaia an intense frecuency at 2167 cm™, The position of this frequency ls somewhat belew the 


tegion indicated carlicr for the Ssi-c= CR group, but is considerably higher than when at the end of the 


chain, as could have been eapected if the reaction had gone in accord with equation (1) In addition, the in= 
frated spectia of these alcohols showed the band typical of the OH group in the region of 275 we 


Another confirmation of the structure was the formation of compounds of the enyne type. The spectra of 
H 


two cf the compounds in this series, (CH,)SI-C == C~C=CHy and showed frequen= 


CHy CH, CH, 
cies that corresponded to both the double and triple bonds, and specifically: ¥ (C=C) 1610 em and v(C#C) 
2152 cm, The obtained values are close to those indicated by us earlice for the vinylethynylsilanes RgSiCe 
= C-CH=CH; 


In it interesting to mention that in the Raman spectrum of C p ~C*CH, the frequency of the 


S\(CyH) 
C=C bond fs raised to 1633 cm™, which is considerably higher than the value for C:4y—-C™ CH, (1605 cm“), 


SUCH 


1. Synthesis of CORRS Mam autoclave was placed 15 g of acetylenyicyclohexanol, 


15 ¢ of tricthylsliane and catalytic amounts of PVC, The actoclave was heated for 24 hours at 200-210, The 
alcohol was isolated by fractional distillation, and had the constants givea in Table 1, 


2 Synthesls of C~SUC Hg)» To the ethylmagneslum bromide, prepared from 1.2 g 


of magnesium 224 33,0 g of ethyl bromide fn ether, was added an ethez solution of 19,0 g of acetylenylcyclo= 
hexanol, The next day 27,0 g of tricthylbromosilane was added. the reaction mass stirred for 3 hours with heate 
ing, the ether removed by distillation, and the residue heated in an oil bath 1t 100-130 for 3 hour, Then the 
reaction mixture was decomposed with water under ice cooling and extracted with ether, The ether extracts 


were dried over potash, the ether distilled off, and the residue was fractionated to give a product with the pro= 
pertics given in Table 1, 


AU of the other organosilicon alcohols were obtained in a similar manneg, 
The apparatus used to obtain the Raman spectra was an ISP -51 spectrograph with chamber f = 270 mm, 


cH, 
We were also able to synthesize the ether Ne-cs CH under the conditions given below, Triethyle 


chlorosilane (25 g) was gradually added with stirring to a mixture of 15 g of dimethylacetylenytcarbinol and 12 
g of pyridine, To complete the reaction the flask wae heated for 1,5 hours on the water bath, After cooling the 
precipitate was filtered, and the filtrate was distilled, The ether was frolated with 93,5° (183,7-184,2 aad 


770 


; 
: 
y 
: 
4 
4 
. 


758.8 mm) np 1.4210, 0.8414, 


Found % 11,39; C ~ 66,83; Si- 13.92, Calculated 11,11; C 66,66; Si 14,14, 


The fsomeric tertlary alcohol, assumed by us earlier to be the ether (4), has b.p, 121.8 at 27 mm, n> 
14557, 0,8638, 
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TAUTOMERISM OF ARYLAZOTROPOLONES 


‘Acad, Sci, USSR Correspondent Member M. M. Shemyakin, F. Aw Mendelevich, 
A. M. Simonov and V. B. Petrinska 


As is known, tropolones without substituents in the § position readily couple with diazonium salts, The 
usual products of this reaction are the arylazotropolones, which are assigned structure 1(2), 


However, in studying the properties of some arylazotropolones, we encountered several years ago such 
properties of these compounds as were contradictory to formula L. This caused us to make a more profound 
study of the arylazotropolones, during which we came to the conclusion that these compounds are capable of 
tautomeric transformations Into tropoquinone hydrazones (11), In its character the (1)#* (Il) tautomerism of the 
arylazotropolones discovered by us is comparable to the simila tautomeric transformations of the S-nitro- and 
§-nitroso-tropolones (1,2), and also of the aromatic hydroxyazo compounds, The first results of studying the 
tautomerism of the arylazovopoloncs is the subject of the present communication, 


The studies discussed here were made with a group of $-arylazotropolones (IV), obtained by the azo-couple 
ing of the corresponding tropolones (11) with diazonium salts, The tendency of these compounds to react in the - 
tautomeric form V was shown by us at the start {n their ability to readily react with o-phenylenediamine to 

"yleld quinoxaline derivatives(VI), which, as ts known, is not peculler to the tropolones; the quinoxaline derivatives 
(V1) were obtained from. arylazotropolones On the other hand, It was-found that arylazotropolones 
IVd-IVE cleave with extreme ease (already when heated in CHy OH} the carboxyl group found inthe 3 position, 
migrating into the corresponding S-arylazo~t~v arboxymethyltropolones (VII); this reaction Is pot peculiar to 
the starting tropolone 111d (3), from which arylazotropolones IVd-IVE were obtained, but it 1s completely natural 
for the tautomede forms Vd-Vf, where the cluaved carboxy! group is found in the B -position to one of the carboe 
nyl g:oups, Finally, it was established that in the transformation of arylazotropolones IVd-IVf to acids (VII), and 
also directly from the latter, neutral compounds (VIII) are easily obtained, formed as the result of closure of the 
heterocycle in the tropoquinone hydrazone forms cf the arylazotropolonese The infrared spectra of the isolae 
ted compounds indicate that they contalu the a -ketol grouping (sce VIII), while their tendency to form quinoxe 
aline derivatives with o-phenylenediamine fs evidence of their ability to react in the tautomeric form (IX, © 
that the amide grouping was presrat ia the molecules was established whea the infrared spectra of the obtained 
quinoxaline derivatives was studied 


The data on the tropoquinone hyarazone tautomerism of the arylazotropolones I + II, obtained as the ree 
sult of chemical study, was then confirmed by the spectroscopic investigations, It is known [6,7) that the tautoe 
meric transformations of aromatic hydroxyazo co.apounds, leading to the appearance of thelr quinone hydrae 
zone form in solution, is accompanied by the appearance of a second absorption maximum in the visible portion 
of the spectrum (for example, 4-phenylazo-1-naphthol in alcohol sviution has two maxima~at 470 and 410 mg 
(®]); here the maximum, lying in the longer wavelength region, usually belongs to the quinone hydrazohe form, 


© In their character these transformations are to a certain degree coinparable with the process for the formation 
of quinopurpurins (X)[4J, which, the same as compounds (VIII), can be regarded as being derivatives of the tro 
poquinone hydrazone forms of the arylazotropolones, 

Thus, the spectrum of compound VIII (Ar CyligCl-p) showed the vaience vibration. baad of the ~O-H 
"group (a frequency of 3270 cin™ in crystals and 3325 cm™ in CC), characteristic for a-ketols in which the 
hydroxyl group is Included fa the system with #-electron reaction (sce (5), As regards the band of the amide 
carbonyl, then it is impossible - show It clearly in the spectrum of compound VIII (At * CgH,Cl-p), but it was 
found (a frequency of 1676 cm™ be crystals) dn the ee of the quinoxaline derivative of this compound (data 
of D. N. Shigorin), 


173 


while the maximum with the smaller wavelength corresponds to the starting azold 
form of the hydroxyazo compound, A similar picture was observed whea we studied 
‘i the absorption spectra of some alcohol solutions of the arylazotropolones, for exe 
ample, IVa and IVb, As can be seen from the data, given in Table 1 (Nos, 4 and 
5), these substances show two maxima in the visible portion of the spectrum, ~ The 
maximum with the greater wavelength (495-500 my ) Mes close to the maxima of 
4-phenytazo=t-naphthol, its N-methyl derivative and especially, the quinopurpuria 
(X; Ar see Nos, 1, 3 and 6 in Table 1, Consequently, this long= 
wave maximum indicates the presence of the tautomeric tropoquinone hydrazone 
form (V) in the solutions of the investigated arylazotropolones, On the other hand, 
the maximum with the smaller wavelength (402 iny ), lying close to the correspondigg maximum of 4-ptenyle 
a20-1-naptithol and to the maximum of its O-methyl derivative (see Nos, 1 and 2 in Table 1), ee to 

the azotropolone form IV of the arylazotropolones, 


The ability of the arylazotrop->lones to undergo the above discussed tautomerism was recently mentioned 
by Nozoe [9], who, the same as we, found that these compounds forin quinoxaline derivatives of the VI type 
with o-phenylenediamine, We wish to thank Prof, Nozoe for sending us some samples of the quinopurpurins, 
which greatly facilitated our spectroscopic investigations, 


EXPERIMENTAL 
1, Preparation of S5-Arylazotropolones IV) 


A solution of the diazotized amine was added at 5° to an alkaline solution of the tropolone Ila-IlI¢ (3, 
10}, the mixture was stirred for about an hour, and then acidified, The obtained precipitate was filtered, washed 
with water, recrystallized, and dried in vacuo at 40, 


Compound IVa, Orange crystals from glacial CH,COOH. M.p, 187-188° (with decompn.), Yield 75%. Found 

C 65,20, H 4.93; N 9,20, Np Calculated %: C 65,37; H 5,16; N 8,97, Compound IVb, Browne 
red crystals from 80% CH,COOH. M.p. 168-167 (with decompn.) Yield 61% Pound C 60,64; H 4,44; 
N 7,67, CyH)QgNp Calculated %: C 60,67; H 4,52; N 7,86, Compound 1Vc, Dark-red crystals from glacial 
CH,COOH. M.p. 179-180 (with decompn.}, Yield 51% Found C 60,69; H 4,52; N 7.78, 
Calculated %; C 60,67; H 4,52; N 7,86, Compound IV4, Recrystallized from 80% CH,sCOOH (13 30), heated 
tg minutes at 30°, and filtered tapidly, Brown-red crystals with m.p, 158-169 (with decompn.), Yield 
4 


“2.4 
4 
: 
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Found C 56,79 H 3.84; N 6,63, Calculated %: C 57,00; H 4,03; N 7,00, Compoundive 
Recrystallized at 30-4¢° in the same maaner as compound IVd, Brown-red crystallohydrate with 174-175 
(with decompn.); the water {s removed at 105-110 and 3mm, Yield 25% Found % C 45.20; H 3,65; N 9,95, 
Calculated C 45,17; H 3.55; N 9.88, Compound IVf, Recrystallized at 10 from glacial 
CH,COOH (1: 13) in the same manner as compound IVd, Brown- m=ted crystallohydrate with m.p. 145-146 (with 
decompn.) Yield 35%, Found %: C 60,33; H 3,35; N 7.65; Cl 9.60, HzO. Calculated 

C 50,47; H 3,44; N 7.36; Cl 9.31. 


2. Preparation of Quinoxaline Derivatives (VI) 


A dioxane solution of the azo compound 1Va-IVc and an cquivalent amount of o-phenylenediamine was 


boiled for 10-12 minutes. The precipitate was filtered, washed with dioxane, recrystallized, and dried at 70 
80 and 1-3 mm, 


Quinoxaline Derivative From IVa, Dark-red crysta’s from glacial CH,COOH with 243-244° (with 
decompn.} Yield 63% Found %:C 69.41; H 5.33; N 13,69. 0.5CH,COOH, Calculated C 
69.55; H 5.35; N 13,52, Quinoxaline Derivative From IVb, Dark-red needles from glacial CHsCOOH with mp, 
221-222 (with decompa Yield 25%.°* Found %: C 64,06; H 5.12; N 11.49. CH,COOH. Cale 
culated %; C 63,92; H 4,95; N 11.47, Quinoxalise Derivative From 1Ve, Yellow~orange crystals from dloe 
xane with m.p, 241-242 (with decompn.) Yield Found C 67,30; H 4.83; N 13,00, 
Calculated %: C 67,28; H 4,70; N 13,08, 


3. Preparation of S-Arylazotropolones (VII) and Compounds 


Decarboxylation of Azo Compound 1V4. Two grams of 1Vd in 25 ml of méthanol was heated for 3 hours 
at 60, The amount of cleaved CO, and 91% Without cooling, the precipitate was filtered, washed with warm 
methanol, and recrystallized from 80% CH,COOH, Weight 0.37 g; m.p, 168-169 (with decompn,), The 
stance is identical with azo compound IVb; sce Expt, L, Concentration of the methanolle filtrate gave come 
pound VIII (Ar ® Cy}i,COOEt-p) as a precipitate, which was washed with soda solution and recrystallized from 
glacial CH,COOH. We obtained 0,12 g of long yellow needles with m.p, 231° (with deccinpn.) The compound 
is insoluble in aqueous alkalies, but {s colored a darkered, Prior to analysis the substance was dried at 50 and 
3mm. Found %, C $3.44; H 4.19 N 7.86, C,,H,O;Np Calculated %g C 63,90; H 4,17; N 8,28, 


Pecarboxylation of Axo Compound IVe, Two grams of IVe in 40 ml of 65% trethanol was heated for 50 
minutes at 6%, Here 90% of the CO, was cleaved, Without cooling, the prec!pitate was fittered and washed 
with warm 65% methanol We obtained 0,44 g of azo compound VII (Ar * C,H,SO,NH,-p), which crystallized 
frorn 80% CH,COOH as dark-red plates with m.p. 200-201° (with decompa.)}. Cooling of the reaction filtrate 
resulted In the deposition of a second {somorphous form of the sane azo compound (0,44 g), which crystallized 
from 80% CH,COOH as slender yellow needles with m.p, 1846-189 (with deconipn.}, The two lsomorphic forms 
are easily transformed Into each other during crystallization, Yellow form: Found % C 50,00; H 4,03; N 11,30, 
Red form; found J; C 49,78; H 3,76; N 12.52, CyHyyOgNyS. Calculated %: C 49,58; H 3,60; N 11,56, 


Decarboxylation of Azo Compound IVE Three grams of 1V {n 30 m! of methanol was heated for 2.5 houss 
at 60, After cooling the precipitate was filtered, washed with methanol, and recrystallized from glacial CHge 
COOH. We obtained 0,17 g of compound VIII (Ar ™ CgH,Cl-p) as long yellow needles with m.p, 258° (with dee 
compn.} Prior to analysis the substance was dried at 45° and 25 mm, Found ‘feos C 56,60; H 3,62; N 8,02 


CH,COOH, Calculated %; C 56,59 H 3,63; N 7,77, The crystallization acetic acid is removed 
at 80-85 and 3 mm, 


The substance Is insoluble in squeous alkalies, but is colored a dark-red, The heating of compound VII 
(Ar in dioxane solution with o-phenylenedicmine yields the quinoxaline derivative with mp, 269= 


2710 (with decompn.) (from dioxane) Found C 67,57; H 3,82; N 15,02, Calculated 
C 67,65; H 3,52; N 15,03, 


* The ajkaline hydrolysis (boiling with 26% NaOH) of compound IVd leads to the formation of a number of sub 
stances of aromatic character, from which p-aminobenzoic acid was identified as the picryl derivatives about 
20% of NHy is cleaved with acid hydrolysis (boiling with 5% H,SO,), 

** The substance dissolves in aqueous alkalics only when heated (app wently it contains a lactone ring) 


The reaction solution, remaining after the removal of compound VHT (At © CglCl-p), was conccatrated, 
the obtained precipitate was filtered, washed with wethanol, treated with soda solution, again filtered, and the 
filtrate made acid, The resulting preeipitate was filtered, washed with water, aud recrystallized from glactal 
CH,COOH, We obtained 0,12 of aco compound CgiCl-p) with 173° (with decompn,), Prior 
to analysis the substance was dried at 45% and 5 min, Found © 56,94; 169,65; N 8,84, Cale 
eula ted CSO 119,48; N 8,78, When subjected to prolonged ba ling in methanol solution the obtained 
a-v compound gradually changed into compound VIL (At = Cg Cle p), which was {sulated as described above, 


TABLE 1 


Substance Solvente 
Nos, 


1 4-phenylazo-J-naphthol CyHgOH 


2 4-phenylazo-1- naphthol CGH,OuH 
O- methyl ether 


1,4-naphthoquinone methyl- 
phenylthydra zone Celt, 


5-(p-carbethoxyphenyl)-azo- 
4-incthy Hropolone -C,H,OH 


5+(p-carbethoxyphenyl)-azo- C,H,OH 
4-carboxyincthyltropolone 


6 p-sulfanilamidoquinepurpurin C,H,OH 


*1n the preparation of the arylazotropolone solutions it was necessary to heat them for 
several ininutes at 60-70 to dissolve the substance. For the absorption spectea of the 
other arylazotropolones, described earlier in the Iterature, see (8), 
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KINETICS OF CATALYTIC DEHYDROGENATION OF ISOPROPYL ALCOHOL IN 
PRESENCE OF TRANSITION METALS OF THE FOURTH PERIOD | 


Academician A. A. Balandin and P, Teteni 


Few studies have been made of the kinetics of dehydrogenation of alcohols over fron, cobalt and nickel 
catalysts, A few papers have been published on the use of a nickel catalyst deposited on a support tn a flow 
system (1,2) and without a support In a static system[3}, This reaction can also serve as a model in the study 
of the above-mentioned catalysts which are very extensively used in industry. 


In the present work we investigated the kinetics of dehydrogenation of lsopropyl alcohol over metallic 
fron, cobalt and nickel prepared by precipitation, The fron catalyst was obtained by precipitation of tron oxae 
late* with 50% fron sulfate solution, The precipitate was washed with distilled water until the wash waters 
gave a negative reaction for the sulfate fon, and it was then decomposed In a current of electrolytic hydrogen 
at 400 for 6 hours. Cobalt and nickel catalysts were prepared by precipitation of the corresponding hydrous 
oxides with ammonia from a 20% solution of the corresponding nitrate, The precipitate was washed with dise 
tilled water uniil the wash waters gave a negative reaction for the NO’, fon, The hydrous oxidesof cobalt and 
nickel were decomposed in an alr stream at 400, and the resultant oxides were reduced with electrolytic hye 
drogen at 290, 250, 390 and 350 for 3 hours at each temperature. Between experiments the catalyst was ree 
generated with hydrogen for 45-60 minutes, The lsopropyl alcohol and acetone used fo the investigation had 
physical constants identical with those reported in the Utersture, Experiments were carried out in the usual 
flow apparatus (4). 1t vas found that in the investigated ranges (up to 250° for fron end cobalt, up to 21% for : 
alckel) the catalysts lead exclusively to dehydrogenation of lsopropyl alcohol to acetone, The gas evolved 
was found to be pure hydrogen by gas analysis, Distillation of the catalyst established that It consisted solely 
of acetone and unreacted alcohol, 
As was shown earlier ( 2,5}, the dehydrogeaation of alcohols follows the general kinetic equation, derived 
by one of the authors (8), of monomolecular catalytic reactions in a stream, In the case of dehydrogenation of 
alcohols free Of impurities, this equation has the for 


dm 


dl Ay (234 %-1)m 


m) 


where k fs the velocity constant of the reaction, A, is the feed rate of the starting substance, ry and 2, are the 
relative adsorption coefficients of the ketone and hydrogen, m {s the amount of hydrogen evolved per minute, 
and 1 is the length of the catalyst bed.. 


Integration of equation (1) gives 


* But not by reduction with hydrogen of oxides, which process 1s only completed at the temperature of appreci= 
able sintering, 


. 
= 
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The relative agsotption coe ffictents entering into equation (2) were determined by a reaction-kinetle 
method based on the lowering of the reaction velocity on addition of a known quantity of reaction product to 
the starting substance, Compartsen of the reaction velocity of the mixture with that of the pure substance shows 
the extent to which the added substance is adsorbed on the active particles of catalyst, The magnitude of the 
adsorption coefficients was calculated from the formulas® 


ae 


(3) 


where Y H Here ¥ ts the degree of transformation in experiments with 
mixtures of Yy is that with the pure substance, 


The relative adsorption coefficients were determined from the velocity of dehydrogenation of binary 
mixtures of the reaction producu with the starting alcohol, Here the space velocity of the alcohol in the exe 
periment with the pure substance equalled the overall space velocity of the alcohol and the reaction product 
in experiments with mixtures, The constancy of the activity of the catalyst was checked by altematioa of exe 
periments with mixtures and experiments with the pure substance, Results of the determinations of adsorption 
coefficients are presented in Tables 1 and 2 The curves of adsorptive displacement, plotted from five points 
at cach temperature, had the genera! form observed in[,8}, 


TABLE 1 TABLE 2 


Relative Adsorption Coe fficlents Relative Adsorption Coefficients 2, 

Ca talyst Tempera Zs Sacet/Male. Catalyst Temperas ale, 
ture °C ture °C 

lroa 210 | 0,6640.02 lron 200 0.2040.92 

230 0.704-0,07 220 0.054-0.02 

240 0.714-0.08 235 0.06 $0.02 

Cobalt 206 0.45440.03 

224 0.484.0.03 Cobalt 204 4,0340.03 

238 0.4540.03 223 4.02$0.08 

Nickel 166 $.5140.03 Mickel 

182 4.354-0.06 172 | 0,.394-0.04 

198 1.164-0.10 184 0.2540. 

209 197 0.1640.08 

208 (0412001 


Tables 1 and 2 indicate that the relative adsorption coefficients of acetone and hydrogen on iron and : 
cobalt catalysts not depend upon the temperature, Temperature-dependence of adsorption coefficients is obo 
served only in the case of nickel on which the relative adsorption coefficients of both substances decrease with 
rising temperature, The temperature=dependence of these adsorption coefficients is logarithmic in form as 
shown in Fig. 1 where log z ts plotted against VT, A logarithmic dependence of the relative adsorption coefe 
ficients on the temperature has also beea observed tn other studies [2,8] and fs consistent with the concept of 
adsorption coe ificleots as equilibrium constants of the adsorption process, The differences between the heats 
of adsorption of! gen, acetone and {sopropyl alcohol were calculated from the data with the help of the 
formulas 


A prod, ~ Aale, * (4) 


The following values were obtained: ctone aicoho} kcal/mol and 14 5 kca/mol, 


“e Calculation of the relative adsorption coefficients by an accurate method (7) shows that in the cases that we 
investigated the approximate forinula (3) fs sufficiently accurate for calculation of these values, 
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Fig, 1. Logarithm of the relative adsorption coef 
ficients as functions of the reciprocal of the tem= 
perature on nickel catalyst. 


in the present work, 


TABLE 3 


Dehydrogenation of Isopropyl Alcohol Over Irons 
Volume of Catalyst 5,6 ml; Pass Velocity 0,15 
rol/ming Ay mi/ming Af = 8,03 m/min oa 
1 ml Catalyst; 23 + 2) * 0.79; € = 20,000 cal/ 
mol; ky = 7.08 °10%; c/log 226° 10 


to. | catalytt 
3] 290 | 2.28] 0.407 | 0.409) 6.403 
7) 20 12.26] 0.400 0.406) 0.403 
5] 240 | | 0.592 | 0.608) 0.630 
2] 220 15.32] 0.950 | 1.004) 0.066 

4 | 227 | 6.66) 4.19 1,27 | 1.26 
4] 232 | 7.04) 4.36 | 4.47] 4.55 
6} 235 | 9.03} 1.68 1.76 | 1.78 


» 


tn the case of fron and cobalt the heuts of adsorption of alcohol and reaction products are the same or very 
similar, as follows from the absence of a temperature dependence of the adsorption cocfficients (9,10), | 


was obtained in{ 2) for the dehydrogenation of 2-butanol over nickel on quartz, L.¢,, only slightly higher thaa 


The adsorption cocfficents were aljo used for 
calculation of the velocity constants of the reaction 
at different temperatures, For the purpose of detere 
mination of the true energy of activation of dchydro- 
genation with cach catalyst, a series of experiments 
was run at different temperatures and with constant 
space velocity, The valucs of Ay, m and 2g ¢ 2% were 
substituted in formula (2) in order to calculate the 
velocity constants, For the nickel catalyst the value 
of 2,4 2 at the required temperature was found by 
interpolation of the plots of logarithmic dependence 
(Fig, 1) The results are set forth in Tables 3~5 and 
in Fig. 2, The linear dependence of log k on 1/T ts 
in accord with the Arthenius equation, which confirms 
the validity of equation (2), The true activation energy 
of dehydrogenation of alcohols over Fe and Co was dee 
termined for the fint time, A value of ¢ = 9,9 kcal/mol 


TABLE 4 


Dehydrogenation of Isopropyl Alcohol Over Cobalt; 
Volume of Catalyst 7 ml; Pass Velocity 0,15 ml/ming 
Ay = 45 ml/ming Aj 6.43 ml/min per 1 ml Catalysts 
% 71.4% € = 12,400 cal/mols kg = 8.03 10; 
d/log 21°10 


Exp, Temp} v 

183 |} 5.40] 0.828 0.943) 0.890 
189 | A.25] 9.804 4.90 14,06: 
8 194 17.337 4. 4.20 | 4.24 

6 198 | 8.67] 4.24 1.44] 4.38 

2. 199 | 8.90] 4.27 1.49 | 4.42 

3 210 {11.201 4.60 1,06 | 4.88 

| 244 110.06] 1,57 41,82 | 4.05 

218 4.89 2.33 | 2.42 


cobalty c) on nickel, 


Fig, 2. Dependence of the logarithm of the velocity constant of dee 
hydrogenation on the reciprocal of the temperature: a) on irony b) on 


A. 


| 
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TABLE 5 


Dehydrogenation of Isopropyl Alcohol Over Nickel; Catalyst 
Volume 0,5 inly Pass Velocity 0.15 ml/min; Ay = 45 ml/min; 
Ay = 90 mV/inin per 1 mt Catalyst; ¢ 8,900 cal/mol, ky 
= 467° 10; c/log kg 2 15°10? 


Exp, Vity ml 
No. 


Kealed, 


185 
16 
175 
{86 
ot 
168 
206 


-~ 


We sce that the activation energy of dehydrogenation falls off from {ron to nickeL, The activity of catae 
lysts of the transition metals of the fourth period rises with increasing atoraic number of the metal and with 
decreasing interatomic distance, 


The new results obtained in the p.csent work are significant for calculation of the dependence of the catae 

lytic activity of elements on their position in the Periodic System of Mendeleev. 
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CATALYSTS ON THE BASIS OF ALKYL MAGNESIUM HALIDES AND TITANIUM 
TETRACHLORIDE FOR THE SYNTHESIS OF AMORPHOUS AND CRYSTALLINE 
POLYMERS FROM @-OLEFINS AND DIENES 


B.A. Dolgoplosk, L. M. Romanov, ihe Erusalimsky and 


V.. Ya. 3ogomolinyl 
(Presented by Academician i, N. Nazarov, April 25, 1957) 


The preparation of polymers from aliphatic compounds of the ethylene serics on the basis of initiation 
of polymerization by free radicals 4s only possible with the fint member of the series (ethylene), Reaction of 
free radicals with homologs of ethylene leads to formation of low-molecular products due to chain-breaking 
reactions in the carly stages of the process(1). Ziegler and co-workers utilized the reaction between organoe 
aluminum compounds and titanlum tetrachloride for initiation of the polymerization of ethylene (2), Further 
investigations In this field revealed £3) the possibility of polyrnerization of olefins with formation of polymes 
with homogencous (isotactic) structure, It was later shown that orgsnoaluminum compounds In Ziegler catalyst 
can be replaced by other organometallic derivatives, in particular by compounds of sodium and Uthium, For 
example, the systems Cg, Nam and also promote the polymerization of ethylene (4,5) 
The mechanis:n of these reactions cannot yet be considered clarified, The reaction between the components 
of Ziegler catalyst Is known to bear an oxidatioa-reduction character and leads to formation of titanium de 
rivatives with # lower valence (6}, Formation of hydrocarbons such as ethane and ethylene has also been ob- 
served when using tricthylsluminum, Very similar pticoomena are also observed in the reaction between salts 
of heavy metals and organomagnesium compounds, 


N. V. Kondyrev and D. A. Fomina{7} (who published the first work in this fleld) showed that reaction 
between alkyl magnesium halides and salts of various metals (fron, copper, cobalt, nickel, chromium aad molyb=- 
denum) leads to formation o& a) equivalent quantitics of saturated and unsaturated hydrocarbons corresponding 
to the alkyl of te organomagnesium compound; by reduced forms of the heavy mictals, Later study of these 
reactions {$-1) led to the conclusion that they proceed through the stage of formation of unstable organic come 
pounds of the heavy metals, the decomposition of which is usually regarded as a free-radical process, Oa this 
basis it seemed probable that the reaction between organomagnesium halides and titanium tetrachloride enables 
us to obtain results analogous with those odtained by Ziegler and Natta with organoaluminum compounds, It 
must be pointed out that in reactions of the type under consideration, an important part is played by complexe 
forming agents (cthers, sulfides, oxygen) which can exert @ considerable influence on the course of the process 
and on the ‘hain structure, As we know, organomagnesium compounds form stable complexes with ether which 
are only decomposed by prolonged thermal treatment at 150, We established that reaction of organomagnesium 
compounds of the R-MgHal type with TICK, leads to formation of catalytic complexes which effectively initie 
ate the polymerization of monomers ouly if the magnesium derivatives have previously been completely freed 
of ether, This was proved in the cases of ethyLmagnesium chloride, ethylmagnesium bromide and octylinag- 
nesium bromide, For experimental purposes it is convenient to use the organomagnesium compounds Is ihe form 
of a disperision in gasoline, Such dispersions are obtained by conducting the decomposition of the ether come 
plex in a gasoline medium; in this manner a fine disperison is formed which fs extremely stable to moisture 
and retains its activity for a long period whea kept ia the alr, 


We demonstra’ed the effectiveness of the system R-MgHal-TiCl for initiation of a polymerization process 
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in the cases of ethyiene, propylene, styrene and isoprene, Polysacrizatton of ethylene ts realized without ap- 
plication of pressure of extemal heating, The reaction commeaces almost immediately after commencement 
of passage of ethylene through a suspension of the organomagnesiun compound in gasoline containing a small 
quantity of tetrachloride. The resultant polyethylene has (9) 2.55 (measured in decalin at 135°), 
mp. 1A0+138*, teasile strength 335 ky/ ci? and relative elongation of 730%, These data are similar to those 
found for polyethylene prepared with the help of the usual Ziegler catalyst, The data that we obtained for the 
polymerization of propylene are of great interest, In one of the papers of Natta (11) it fs pointed out that re 
placement of erganoaluminum compounds in Ziegler catalyst by organomagnesium compounds excludes the 
possibility of obtaining tsotactic polymers from fins, 


We showed that polymerization of propylene in presence of ethylmagnestum chloride and titantum tetras 
chloride gives approxtimately equal parts of amorphous and crystalline ({sotactic) forms of polymer. The amor 
phous form (soluble in ether) has a vitrification temperature of -35° and{n) = 0.57 (in benzene), In addition 
a fraction tnsoluble in boiling hexane was fsolated; its crystallinity was confirmed by spectroscopic and x-ray 
analysis, 


Different polymet forms were likewise isolated in the polymerization of fsoprene, Using the same come 
ponents, the polymerization of fsoprene gave: 1) a fraction soluble fa benzene. containing 87% of cis-1,4 
chains, and 2) an insoluble form containing (on the basis of infra-red examinativa) only trans-1,4 chains® 


The co-form ation of cis-1,4-polyisoprene and trans-1,4-polyisoprene and of amorphous and fsotactic 
polyptopylene ts Girect evidence that the system contatnscatalytic complexes of various types, leading to formas 
tion of a polymer structure specific for a given complex 


EXPERIMENTAL 


Synthesis of alkylmagnestum halides, Ether-free organoma gnesium compounds were prepared by the 
Grignard procedure (12); the solvent was distilied off from the ethereal solution of the organomagnesium dere 
vative and the residue was heated for 30 hours at 150-160 tn vacuum (10 mm), The resultant white, porous 
- mast was pulverized in a nitrogen stream, A dispersion in gasoline was obtained by introducing the gasoline 
into the reaction flask after distillation of the mata bulk of solvent. 


Polymerization of ethylene, Thoroughly dried ethylene was passed a suspension of ethyimagnesium 
chloride and TiCly in a gasoline fraction (b.p, 90-110) with intensive stirring, The Initial temperature was 
2°, At the end of the reaction the temperature had risen to SC, Interruption of the polymerization process 
at a definite stage was effected by addivion of alcohol, 


Polymerization of propylene, The reaction was conducted In a 1.5-Hter autoclave fitted with a stirrers 
500 ml gasoline was charged in together with the required amount of ethylmagnesium chloride and TIC, Pres= 
sure 6-9 atm, Duration of reaction 1 hour at 80, Yield of polymer 115 g 


Poly:mertzation of Isoprene, Into a 4-liter stirred autoclave were charged 1 liter gasoline, ethylmagnesium 
chloride, TiCl, and 0,5 Liter isoprene, Duratiod of reaction 1 hour at 70-80, Yield of polymer 200g The 
benzene-soluble fraction (63% of the total amount) contained 87% of cis-1,4- chains, 5% of trans-1,4 chains, 
3% of 1,2-chains and 5% of 3,4-chains, The incoluble polymer was 100% 1,4-trans-polyisoprene, 


Polymerization of styrene, 20 g of styrene was intensively stirred with a solution of 0,4 g TiCl in 60 ml 
gasoline containing 0.5 g ethylmagnesium chloride in suspension, at 60 for 1 hour, Yield of polymer quantitas 
Hive, 
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THERMAL TELOMERIZATION OF OLEFINS WITH SILANES CONTAINING 
BOND 


Academician A. N. Nesmeyanov, R. Kh. Freidlina and &, Ts, Chukovskaya 


As we showed earlier[{1}, ethylene enters into a telome-ization reaction with methyldichlorosilane and 
trichlorosilane at a temperature of 270-300 under pressure in conditions ensuring an excess of ethylene, and 
gives a mixture of substances of the structure XSiC1QZCHyCH,\,H where X = Cl, CH, The reaction was con- » 
ducted in steel autoclaves without addiiion of a catalyst or reaction initiator, Propylene lkewlse readily eae 
ters into a telomerization reaction with methyldichloror.lane under these conditions, 


It appeared of Interest to establish whether this reaction could take place with silanes not containing 
halogen as well as silanes in which the silicon was link«d to an aromatic nucleus, Le, whether reactions of 
the following types were possible; 


where Res Alk; OAIk 


-4- a CHy H. 


In the Hterature on the addition of silanes of this type at the double bond of olcfins, !t fs reported that 
in presence of initiators of radical reactions, triethoxysilane generally does not add on at the double bond, 
(2}° and that tricthylsilane Ukewlse does not react of gives a low yield of impure product (2,4), 


Phenyldichlorosilane is reported (5) to react with ethylene at temperatures of 200-550 to form phenyle 
ethyldichlorosilane, 


We established that ethylene enters smoothly into thermal telomerization reaction with phenyldichloro= 
silane, At 280 and 90 atm. we obtained a compound with the composition Cel1,SiCl4CH,CHy),H, where o © 
= 1,2,3, The reaction of ethylene with tricthylsilane was conducted at 300 and 200 atm, Tctracthylsilane and 
triethyl-n-butylsilane were iselated from the reaction products, Fractions containing higher tricthylalkylsilanes 
were also obtained, 


A pressure drop was also observed ia the reaction of triethoxysilane with ethylene at 307 (from 100 to 
35 atm.) as well as absorption of ethylene (22 g on 75 g charged ttlethoxysilane), We were unable, however, 
to tsolate pure alkyltricthoxysilanes because a disproportionation reaction evidently take place under the exe 
perimental conditions, 


of the starting silanes, was prepared froin by the reaction 
b.p. 108-10P; njy 1.4115, Literature datas b.p, 107 (6); 103,5-104,5° (7); ny 1.4117(6); ny 1,4100(7}, 

Tricthoxysilane was syuthesized by the method of Havill ct al,,(8}, The constants of the preparation a 
greed with the Iterature data, 

Phenyldichlorosilane was synthesized from silicochloroform and phenylmagnesium bromide (9), The con- 
stants agreed with those in the literature, 


° According to patent data [3) reacts with ethylene in presence of platinized asbestos to give a 
50% yield ef ethylirlethoxysilane, 


| 
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Telomerization of ethylene with triethylsilane, The reaction was carried out in a 0,5-liter steel autos 
clave, 90 g of (Cg'yp)gSiH was charged into the autoclave, nitrogen was passed through and then ethylene was 
introduced. The reaction mixture was heated to 360, the pressure rising at the same time to 200 atm, Re- 
action was effected at 300-310 for 4 hours, During the process the ethylene pressure fell to 80 atm. Welght 
of reaction product 119 g. It was fractionated in a column with 15 theoretical places to gives 


a) 60g of original tricthylsilane, lus 1.4112, 
b) 15 g tetracthylsilane, bop. 153; 1.4246; 0.7665; 48-30; 40.78, 


Found %e: C 66,82, 66.59; H 13,96, 13.92, CyHy—St. Calculated %: C 66,56; H 13,97, 


Literature data( 10; bp, 153; 0.7662; np 
c) 8g of tricthylbutylsilane, 89-93°/30 mm; ny 1.4360; 0,7810; MR pound 58.08 


Found C 70.37, 70.31: H 14,08, 14.08; $1 15.57, 15.57 Calculated 70,24; H 14,034 
Si 15.66. 


Literature data(10k bp. 1927; 1.4358; 0.7786 


d) 18.5 ¢ of 76-110/4 mm fraction, We failed to isclate hexyle and octyltrlethylstlanes from it in the 
pure form, evidently due to the presence of traces of products of a disproportinnation reaction, Residue 11 g 


Telometization of ethylene with phenyldichlon silane, The reaction was carried out in a 0,1Sliter autoe 
clave of EYa-iT stecl, Into this was charged 35 g of Cgh4ySiC1,H, and ethylene was introduced after passage of 
a stream of nitrogen, The reaction mixture was heated to 280, the pressure rising to 90 atm, Reaction was 
effected at 20- sor for 3hourt and the pressure dropped to 60 atm, 43 g of product was obtained, This was 
fractionated in a columa of 15 theoretical plates to give the following fractions” 


Fraction b.p, 106-107°/29 mm, welght 14 g, nf) 1.5170 
Fraction Tk b.p, 78-8%/2 win, weight 4.7 g, nf 1.5190 
Fraction Ut 08-104/3 mm, weight g, nb 15109, 


Residue 11 


RedistiNatiom gave pure fractions of phenylethyldichlorosilane, phenylbutyldichlorosilane and phenyle 
hexyld!chlorosilane from fractions 1, 0 and 1M respectively, These compounds rapidly turn red in ght and 
teadily hydrolyze ta the alr, Properties and analyses of the compounds are presented in Table 1, 

TABLE 1 


Analysis and Physical Constants of pH 


MR H.% CLG 

found 3 cale, founa 
1S 


3 62.00] 63.42] | | 6.00 


Literature data: 134-135,8°/5 mm (4), 225-238 (12), 


| 
4.08 33.43 34.4 
6.10 Me 12. 
2.04 10. 
1.43] 27-93] | 10-7] 
. 
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THE ASSOCIATION OF ORGANOLITHIUM COMPOUNDS OF THE ALIPHATIC 
SERIES IN HYDROCARBON SOLUTIONS 


K. B. Plotrovsky and M. P. Ronins 


(Presented by Academician A, N. Nesmeyanov, April 10, 1957) 


In the determination of the molecular weight of phenyllithiuin and benzyllithium in ethereal solutions 


by the ebullioscopic method, Winig, ee and Lange (1) found that these compounds form *autocomplexes® 
of the general formula 


{Lir,) "Lit, 


Our objective was to establish whether organolithium compounds of the aliphatic series were susceptible to simi- 
lar complex formation in solutions of hydrocarbons, For this purpose we determined the molecular weight of 
ethyllithium and butyllithium by the cryoscopic method, As solvents we made use of benzene and cyclohexane 
of the degree of purity specified for these solvents in cryoscopic measurements, Ethyllithium and butyllithium 


were synthesized fn the same solvents by the known procedure based on interaction of the corresponding chloro 
derivative with metallic lithium [ 2} 


TABLE 3 
Data for Determination of Molecular Weight of Ethyllithium ia Benzene 


Amount of Amount of |Molarcon- Experiment Experiment 3 
benzene, centration of depres M found |depres- |M found 
sion, for sion. for 


LiCsH, 


“uo 


Cunusnoo 


After peformance of the synthesis, the solutions of ethyllithlum and buty!lithium were transferred (in @ 
streain of oxygen-free nitrogen) into a Schlenk vessel fitted with a nicasuring buret (graduated in 0,1 ml) and 
taps. The concentration of organolithium compounds fn solution was determined by doutte titration(3}. In 
special determinations it was established that lithium chloride fs substantially absent from benzene solutions 


of and butyllithium, and its content did not excced 0,1-0,5 weight-% calculated on the 
lithium compound, 
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Use vas made ja the investigation of solutions having a normality of approx, 0.6 for ethyllithium and 0,6+ 
0.8 for butyithium, Bearizg in mind the great sensitivity of organolith{um compounes towards molsture and 
oxygen, we carried out all of the cryoscople determinations in a special eryoscope excluding contact of the 
solutions with the extemal atmosphere, The cryscope had a ground-giass stopper end a Beckmann thermometer 
(graduated in 0.01") and was equipped with two taps which served for Introduction of the solutions of organolith- 
ium compounds under a nitrogen stream, The cryoscope was placed In a glass air-Jacket and the whole set-up 
was kept throughout the period of measurements in a Dewar vessel in which a temperature of ¢1° was inaintained, 
The solution was stirred by an electromagnetic stirrer, Before the start of a determination, the cryoscope was 
subjected to careful preliminary treatment for removal of gases and vapors occluded by the glass, This was 

done by prolonged pumping out of the apparatus in vacuum while heating and nes purging with nitrogea 
freed of oxygen 0% molsture, 


TABLE 2 
Data for Determination of Molecular Weight of Butyllithtum in Benzene 


Amount of [Moles of Experiment 1 Experiment 3 
benzene, fliCgytu- olf | M found | Depres- | M found 
mi troduced 1008 ¢ _ sion, *C | for sion, C | foe 
LiCl, 


31.0 0, 0.032 0.08 {1.7 0.08 131.7 
32.5 0.00220 0.077 0.49 132.2 0.20 125.6 
H.0 0.00352 0.118 0.26 147.7 0.28 137.0 
34.0 0.00528 0.168 0.37 147.4 0.46 135.4 
39.0 0.00792 - 0.227 0.51 147.8 0.53 142.3 
42.0 0.01056 0,287 0,63 148.4 0.66 141.3 
45.0 0.01320 0.335 0.73 149.4 0.75 142.5 
48.0 0.01584 0.377 0.83 147.5 0.87 140.9 
58.0 0.02454 0.436 1.07 147.3 1.08 143.3 
63.0 0.03K6 0.562 1.22 149.3 1.23 149.0 


Into the so-prepared cryoscope was admitted 30 mi of solvent (to an accuracy of 0,1 1.1) from the Schlenk 
vessel {a which the carefully purifled solveot had been kept over sodium wire, 


After the freezing point of the pure solvent In the eryoscope had been determined, the solution of organoe 
lithiuun compound was admitted from a Schienk vessel (in the same solvent) in a nitrogen stream in quantities 
ensuring formation of a given concentration of organolithium compound for determination of the moleculas 


weight, 


TABLE 3 
Data for Determination of Molecular Weight of Butyllithium in Cyclohexane 


Amount of [Moles of Molar con- Expertmentl 
benzene, [centration Hepres- M found 
ml troduced OF LIC Bion, °C 


31.0 0.00081 0,032 0,26 167.4 0.29 150.4 
32.5 0.00203 0.080 0.59 175.2 0.82 167.4 
34.0 0.00324 0.123 0.93 170.6 0.90 176.4 
34.0 0,00486 0,174 1.32 170.3 1,28 175.6 
39.0 0.199729 0.241 1.84 172.0 1.80 173.0 
42.0 0.07972 0,298 2.24 172.0 2.19 174.0 
45.0 0.01215 2.86 169.4 2.63 471.0 


| 
ey xperiment 2 


After tk: conclusion of this operation, the freezing point of the solution of organolithium compound of 
the given concentration was determined, the cryoscope was withdrawn froin the Dewar vessel, and into it was 
charged a supplementary amount of solution of alkyHithium,. In this manner, the total quantity of solvent was 
steadily increased as the experiment progressed, and this was taken into account for calculstion of the molecular 
welpht. At the end of the experiment, the quantity of organolithium compound was determined (3); in all cases 
this was 99-99,5% of that admitted during the determination, The molecular weight was calculated from the 


Lda’ The cryoscopic constant for benzene was taken (in agreement 


gencraily accepted formula! 


with the literature) to be 5,07, and that for cyclohexane was taken to be 20,2 The specific gravittes of the 
benzene and cyclohexane used in the work were determined at 0,875 and 0,777 respectively, Results of molecu 
lar weight determinations of ethyllithium in benzene and of butyllithium ta benzene and cyclohexane are givea 
in Table 1-3, 


The tabulated data show that ethyllithium fs in the associated state In benzene in the concentration range 
_ of 0,04-0,4 mole per 1000 g solvent. The experimentally found molecular wed ght is substantially double the 
calculated value, Butyilithium In benzene (concentrations of 0.03-0,55 mole per 1000 g solvent) and cyclo 
hexane (0,03 to 0,35 mole per 109 g solvent) is also associated, but the experimental value of the molecular 
welght of butyllithium ts rather more than twice the calculated molecular weight. 


Coase quently, the present investigation has shown that organolithium compounds of the aliphatic serfes 
are in the associated (dimeric) state in solutions in hydrocarbons, 
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THE CHEMICAL C OMPOSITION OF GASOLINES FROM THERMAL AND 
CATALYTIC CRACKING® 


Academician A. V. Topchiev, I. A. Musaev and G. D. Galpera 


Knowledge of the nature of the unsaturated and other groups of hydrocarbons entering into the composi-= 
tion of cracking products {s of great interest. Not cnough is known as yet about the influence of the chemical 
composition of the feedstocks for various thermal treatment processes on the composition and structure of the 
unsaturated and other groups of hydrocarbons formed fn such processes. Solution of this problem would enable 
us to make a4 rational choice of raw material for production of light petroleum products with specific qualities 
and would open up a number of possibilities for petroleym chemical synthesis, Certain difficulties are ene 
countered in the investigation of the composition of cracking products, 


A combination method for investigation of the exact chemical composition of cracking gasolines was 
first proposed by N. D. Zelinsky, and & Ya, Levina, This was a combination of sulfuric acid treatment with 
catalytic hydrogenation and dehydrogenation {1,3}, 


We suggested the use of a copper catalyst (4-6) for selective hydrogenation of uns aturated hydrocarbons 
under hydrogen pressure in presence of aromatics (free of sulfur compounds) Glushnev and Nepryskhina later 
applied this method to the investigation of the chemical composition of gasolines from oxidative cracking (7, 
8). 


G. M. Mamedalicv (9) suggested the use of nickel-on-kieselguhr as catalyst for the above purpose. Hydro- 
genation of unsaturated compounds was conducted at atmospheric pressure and various temperatures (depending 
upon the boiling point of the fraction} 


In the present investigation we ued a combination method comprising 1) the sulfurle acid method of 
determination of the overall content of wisaturated and aromatic compounds (sulfonation was effected with 
Kattwinkel's solution (30 g P;O, + 100 mi H,20,. 4 # 1.84) cooled with Iced water; 2) determination of the 
percent content of unsaturated hydrocarboru in the fractions by the lodine number and molec iar welght; 3) 
selective hydrogenation of unsaturated hydrocarbons at a pressure of 80 atm, hydrogen and at 230-300 in a labore 
atory set-up using an experin.cntal autoclave (10); 4) catalytic dehydrogenation for establishment of the nature 
of the cyclanes (both saturated and unsaturated), 5) the aniline point method for determination of the group com= 
position of the fractions not containing unsaturated, The present work was carried out on distillates from thermal 
and catalytic cracking obtained from the same Grozny pm affinic petroleum at the Grozny Pewroleum Refinery. 

lodine numbers were determined in all cases by the Kaufmann-Galperm method {11}, 


Investigation of gasoline from thermal cracking, The works gasoline was dried and fractionated in a cole 
umn with an efficiency of 30 theoretical plates in a weak njtrogen stream, 


Yields and characteristics of the fractions are presented in Tabie 1, 605 g of material was subjected to 
fractional distillation, 


The fractions were divided into two parts for examination; one part was investigated by the sulfuric acid 
method; the second part was first subjected to sclective hydrogenation of unsaturates over copper catalyst. After 
sulfonation and distillation from polymers, the naphthene-paraffinic residue was subjected to exhaustive dchy- 
drogenation over platinumeiron catalyst (12) prepared by the method described {13}, 


*The experimental work was carried out with participation of £.G, Iskhakova, T.V. Fedorova, T.N. Buturlova 
and N.N, Chekalova, 


TABLE 1 


| 


‘ number | welght, ean 


a 


10.6542 
0.708) 
10.7475 
ALIN, T7086 
50510, 8044 


Ss 


TABLE 2 


Unsaturated Saturated 
Temperature Yield, penta 4 


Se matic neth- 


= 

' 


Note; Above the Hne fs the content of hydrocerbons fa weight~% below the Une ia 
welght~7e calculated on the total 60-200 gasoline, 


TABLE 3 


6 
7 
9 
5 
4 


1.8 
Total | 1262.0} 100.0 


The content of aromatics (primary) hexamethylenic (after dehydrogenation) and pentamethylenic hydroe 
carbons was determined by the aniline method; the content of paraffins was determined by difference, _ 


3 

0 23-60 { §1.5 463.2 

60-95 { 41.5 134.5 91.0 

2 05—122 40.9 120.4 105.0 

3 | 122-150 42.5 | 97.9 | 116.0 

{ 4] 150-200 46.5 70.9 | 144.0 

Total 

paraffins 

a9 

ae 34.4] 4.7 | 5.4 | 5.9 | 33.8 

‘ — or) 048 | ov] | oF 

1.2 | 20.5] 9.3 40.4] 6.4 | 24.3 

2.3 | 21.3] 13.3] 8.7 | 7.4 | 25.7 

1.8 | 21.4] 13.01 8.8 | 6.4 | 30.6 

Yield 
Aniline |lodine | Mot. 

| Toe | 249.3 | sop | | | | 30.2 — 
60-93 | 222.5 | 47:8 | 4.3990 | 0.7004] 51.0 | 33.9 | 98.3 

a 2 | 95-422 | 425.8 | oF | 4.4249 | 0.7592 | 41.8 | 28:7 | 99.6 

Re 3 | 122-150 | 130.0 | 40. 1.4499 | 0.7978 | 26.5 | 17.0 | 103.2 

$ 258.0 | 20M | 1.4709 | 0.8924 | 24.5 | 13.0 | 140.7 


In Table 2 are given the final data jut the content of hydrocarbons of different groups in gasoline from 
thezmal cracking in standard fractions and recaiculated for the whole gasotine (60-200), 


_ Investigation of a gasotine from catalytic cracking, A siinilar method was used, Characteristics of the 
starting fractions are shown in Table 3 (1262 g was fractionated), 


The detailed group-chemical composition of a gasoline from catalytic cracking (60-200) and its fractions 
was determined on the basis of the sulfuric acid-aniline method of selective hydrogenation of unsaturated hydro= 
carbons and of dehydrogenation of six-membered naphthenes, The final results are presented in Table 4, 


The combination method was applied to the examination ofthe precise group composition of gasolines 
from thermal and catalytic cracking obtained from one and the same paraffinic Grozny petroleum, It was shown - 
that a high content of unsaturated hydrocarbons (44.7%) with predominance of acyclic members (24, 2%) charac 
teristic of 60-200 fractions of gasoline from thermal cracking. An appreciable concentration of unsaturated 
hydrocarbons of the cyclohexene serics (7.2%) and of cyclopentenes (11.9%) was found, 


TABLE 4 


3 | Tetnperatu Salut ted 
£3 
0.4 | 6.5 9.4 5.4 4.7 | 418.3 7 $5.9 
0-9 | Ol | TS lin 
7.0/2.5 | 3.3 16.5 | 16.8] 15.0] 38.9 
5.3 6.3 42.6 12.7 | 7.7 | 25.4 
3 | 122-150 | 18 | pol | me | 
2.0 | 4.2 | 0.7 3.4 60.3 6.8 | 4.4 | 21.5 
4 | 1-20] S | oa loa los) | | | 


Note; Above the line fs the content of hydrocarbons in weight-% below the line is 
the we! ght~% of the entire 60-200 gasoline, 


The relatively high content of paraffins (28.8%) in ail of the fractions Is close to the content of acyclic 
unsaturates, Examination io similar fashion of a gasoline from catalytic cracking showed the following charace - 
teristics; low content of unsaturated hydrocarbons, represented by nearly equal amounts by acyclic (5,4%) come 
pour.ds and compounds with a five-membered ring (4.5%), with nearly coriplete absence of unsaturates with @ 
six-membered ring (0.8%), The content of paraffinic hydrocarbons considerably exceeds the content of olefing 
the content of aromatic hydrocarbons rises rapidly with increasing distillation temperature and reaches 60% for 
the 150-200 fraction, 


Both of the investigated gasolines were free of dienic hydrocarbons with a conjugated bond, Studies by 
the combination method of the group and individual hydrocarbon compositions of cracking products are being 
continued, 
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THE MECHANISM FOR THE OXIMATION OF CYCLOHEXANONE 
WITH SODIUM HYDROXYLAMINE MONOSULFONATE 


E, N, Zilberman and M, M, Smirnova 
(Presented by Academictan B, A, Kazantky, May 15, 1957) 


It fs curtomary- to use hydroxylamine salts for the oximation of aldehydes and ketones, However, {n ine 
dustry (1) for the oximation of cyclohexanone at times, tnstead of a hydroxylamine salt, an acid solution of 
the hydroxylamine monosulfonate- the fntermnediate product in the synthesis of hydroxylamine sulfate by the 
Raschig method (2)-is used, 


The mechanism for oximation with hydroxylamine monotulfonates is not described In the Mterature, To 
react cyclohexanone with sodium hydroxylamine moncirifonste the following is characteristic; 


1) In contrast to = the hydroxylamine monozulfonate not react with cyclohexanone 
in alkaline mecium, 


2) For all practical purposes the hydroxylamine monosulfonate does not hydrolyze at room temperature 
in dilute sulfuric acid solutions (i.e, under the experimental conditions wed by us, 


3) In the mutual presence of cyclohexanone and acid the hydroxylsmine reacts with case 
to give cyclohexanone oxime and also hydroxylamine, 


To explata the peewlarities of reacting sodium hydroxylamise monosulfenate with cyclohexanone in acid 
medium we proposed the foliowing reaction scheme, 


+> 


>t_ OH >t_ 


H + 
>¢_ nZso,ona 4 
Non 


H 
>C = NOH + H* = (> C = NOH) H* 


(> C = NOH) H* + 1,0 = > C = O + HONH, + H* 
HONIT, + H* = (HONH,) H* 


(4) 

. 
191 


In accord with the proposed mechanism the first reaction product ts the carbonium fon, which then forms a co- 
oNipation bond due to the unshared clectren pair of He nitrugen atom in the nucleophilic hydroxylamine inono 
sulfonste, Then a molecule of bisulfate and a proten are cleaved from the complex formed in this manner and 
the oxime is formed, In acid medium the equilibrium hydrolysis of the oxime ts established, leading to the 
of the original and the hydroxy! mine salt, In the described scheme the mor 1d reactions 
are (3) and (4), The rate of decrease in the concentration of the hydroxylamine monosulfonate (or oximation 
tate of the kewne) should first of all depend on the bimolecular reactions (1) and (2), {,¢,, on the concentras 
tions of the ketone, the hydrogen fons and the hydroxylamine monosulfonate, The presence of hydrogen fons 
determines the hydrolysis of the cyclohexanone oxime to yield cyclohexanon* and hydroxylammontura fon, 

and conse quently the secondary reactions (5)-(7) also exert an influence oa the macrokinetics of the whole 
process, 


mequiv./lter «hour 


~ & 


Rate of oximation 


HONSO, 


Fig, 1, Oximatioa of cyclohexanone with sodium hydroxylamine monosul- 
fonate at 22%, Original solutions (in mequiv,/liter) 
HONHSO,Na C,H, 0 


124 62 
b 64.8 65 
c 62 124 
é 31 
€ 31 62 


The reaction scheme depicted above was confirmed by the kinetics data obtained for the oximation of 
cyclohexanone with sodium hydrox;!emine monosulfonate, From Fig, 1 it can be seen, with other conditions 
constant, that the oxi mation rate lacreases with increase In the original cyclohexanone concentration, The ine 
fluence of the hydroxylamine monosulfonate concentration on the reaction rate cbeys the same rule, In all of 
the experiments, shown in Fig, 1, the reaction fs self-acce lerating in the initial period of reaction between the 
starting substances, In addition, from the slope of the curves in these plots {t follows that the greater the con 
ceauation of either the ketone or the hydroxylamine monosulfonate, the more rapid is the increase in the re- 
action rate, 


This leads us to postulate that the autocatalytic nature of the process is determined by an increase in the 
concentation of one of the reaction products of the hydroxylamine monosulfonate with cyclohexanone, From 
the experiments it can be seen that the acidity of the systein increases during the course of reaction, 


However, a part of the formed protons should react with the oxime and hydroxylamine, as a result of 
which only the free hydrogen fons can exert an Influence on the oximation rate, f,¢,, the studied reaction ap- 
parently represents a case of specific acidic catalysis, 


To verify further the mechanisin proposed by us for the reaction of cyclohexanone with the hydroxylamine 
monosulfonate in acid mediuin we ran some experiments to determine the order of the reaction, We judged 


zt . 
j 
- 
4 
e 
¢ 
o” 
‘$4 
4 
1% 


by the inercase fn the total acidity of the system in calculating the velocity constants relative to the hydruxy- 
tam{ne monosulfonate concentration (Cy) and relative to the oximation rate, The atount of cyclohexanare 
(Cy) in the reaction mixture at the start of experiment (f,¢,, when a large excess of cyctohexanone with respect 
: to the cyclohexanone oxime was present, making {t possible to neglect the hydrolysis of the oxime) was calcu- 
lated from the Increase tn the total acid'ty, in the same mannes as che hydroxylamine monosulfonate concens 
tration was calculated, In suteeqrent determinations the amount of cyclohexanone, formed in the hydrolysts of 
the oxime, was also taken into account, For this we wed the eq Mbrium constants [3] of reaction (6), making 
~ the tentative assumption that the equilibrium state had been reached in this reaction, The hydrogen fon con- 


centration (Cy) was calculated from the ptf of the medium, The experimental data (total acidity and hydrogea 
fon concentration) aré plotted in Fig, 2, 


mequlv./litee 


50 100 150 260 240 KOO 100 130 £00 230 300 


| Fig, 2, Oximation of cyclohexanone (1) 95,6, (1) 62 mequiv,/iter) with sodium 


hydroxylamine menosulfonate (1) 96, 62 mequiv,/liter), 3) Total acidity; 
hydrogen ion concentration, 


TABLE 1 ‘On the basis of the data tn Fig, 2 we calculated 
Calculation of the Velocity Constants for the Oxi- 


ae actions V = kC,C,C, that the average velocity constant 
was equal to 1,7° 1074 ites /hours mequiv, We were 
unable to obtain any concordant results for the velocity - 
Concenwation |Velo- ‘constant if we neglected the participation of hydrogea 
Time peldity of the compo=leity, | > tons in the reaction, As a scault, the oximation rate 
min, fnequtv| mequly changes proportionally to the sodium hydroxylamine 
iter Mter-he|s monosulfonate, cyclohexanone and hydrogen loa cone 
.- centrations, which fs In agreement with the reaction 
4 | 0.88 scheine proposed in dis paper, 
.4187.215.37] 6.54 14.63 To synthesize sodium hydroxylamine menosulfo 
191 | 15.4 nate we took 500 ml of technical hydroxylamine disul- 
217 6.9)80.0/7.6 | 8.5 |4.83 
7.6 
KUK} 35.5 ‘ HON 


fonate solution, concentration of 


Average 1.74 


SO,ONHy 


396 g/liter, obtained from sodium nitrite, ammonium 


fa 
2s mequiv./liter 
1S 6 
fe 
10 Lb 4 
0 


bisulfete and sulfur dioxide, -nd added to it 61 ml. of 40% NaOH to remove ammonia and then 250 ml of meths- 
nol to precipitate the tedium hydroxylamine disulfonate, The obtained precipitate was reprecipitated twice from 
9% NaOH solution with methyl alcohol, Sudsequent treatment of the sodium hydroxylamine disulfonate was made 
in accord with the directions of Nast and coworkers (4) for the preparation of potasium hydroxylamine monosul- 
fonawe, The yield of rodlum hydroxylamine monosulfonate (purity 98-1007%) was 10-20 g, 


Commercial cyclohexanone was purified through the bisulfite compound; the obtained product had df? 
0,9454, nj} 1,44°S, 


The experiments were run at 22 4 0,06°, The initial acidity of the reaction mixtures corresponded to 
pH 3,6-3,2, To determine the total acidity samples were removed at periodic intervals and titrated with 0,01N 
NaOH to phenolphthalein, An LP-§ lamp potentiometer with glass elec. rode was wed to measure the 


We wish to thank Prof, G, A, Ratuvaev for his valuable counsel anc the interest shown in our work, 
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STUDY OF THE NITRATION OF ISOPROPYLC YCLOHEXANE WITH NITRIC ACID 


AcademiclanA, V, Topchiev, & D, Mekhtiev and A, Sh, Novruzove 


In an earller paper {1} we gave the main Hterature references on the nitration of cyclane hydrocarbons, 
published up to 1948, After this a number of papers were published on the tnechanism for the nitration of cycloe 
hexane (2, 4} and on the reaction of cyclohexene with dilute nitric acid 


The present paper is devoted to the results obtained by us in studying the nitration of tsopropylcyclohexane 
with nitric acid under various conditions, 


EXPERIMENTAL 


Starting Raw Materials and Method of Operation, The isopropyl cyclohexane used as starting product for 
nitration had b,p, 152-154", 4, = 0,8006, nD 1,4410, As the nitrating agent we used nitric acid with density 
1,3, 1,2 and 1,075 (corresponding to @ concentration of 48, 28 and 11%, respectively), The niwations were rua 
in 8 500-ml round-bottomed Mark, fitted with a grourd-glas reflux condenser, through which @ thermometer 
descended Into the Uquid, A glycerin bath was used to heat the reaction flask, 


The calculated amounts of hydrocarbon and nitric acid were placed In the flask, The reaction mixture 
was heated at a definite temperature for s given kength of time, At the end of experiment the upper layer of 
the reaction mixture, composed of 8 mixture of nitvvo product and unreacted hydrocarbon, was washed, dried, 
and vacuum-distilled through a column, Aiter removing the unreacted starting product the crude hitro product 
was subjected to fractional distillation through the same column, but at 4 much lower residual pressure, Then 
ths isclated fractions were snalyzed, 


To establish the structure of the reaction products a part of the obtained fractions of altro products were 
hydrogenated to the corresponding amino derivatives, The reductions were run {n aa autoclave designed by 
I, A, Musaeva in the presence of Raney nickel and with high hydrogen pressure, The amino compounds obtained 
in this manner were ther, soslyzed, pan 


The experimen'’s on the nitration of Isc;copyleyclohexane were run at 80-55, 80-85 and 105-110%, The 
duration of experimen was taken as §, 10, 15 and 20 hours, while the nitric acid concentration was taken as 
11% (d = 1,075), 28% (d = 1,2) and 48% (d © 1,3), The molar ratio of hydrocarbon to nitric acid was varied 
from 1; 1,25 to 1:2,5, A total of more than 40 experiments was run, The results obtaiied by us in studying 
the influence of various factors on the nitration process are discussed below, 


Influence of Temperature, The results of the experiments fn which the nitration was run with acid having 
d 1,3 and with a 1; 2,5 molarrado of hydrocarbon to acid are shown in Fig, 1, 


From the character of the curves in Fig, 1A it can be seen that the percent conversion of the starting crude 
rises sharply with elevation of the reaction te:nperature, reaching a value of 60,8% at 105%; In this connection 
an increase in the yields of cn:de nitrd product and mcnonit > product is observed only up to 8 temperature of 
80°, after which further Increase in the temperature leads to a reduction In the yleld, Consequently, the opti- 
mum reaction temperature for the nitration of fsopropyleyclohexane under the conditions of our experiments 
is 80-85%, and here the yield of the mononitro product is as high a8 72,8% of theory (although the percent con= 
version Is only 25,1%), This, evidently, niuust be explained as being due to the development of oxidation ree 
actions under the given conditions, and also as being duc to more profound nitration with the formation of di- 
and polynitro products, 


. 

801 


LX 
7 43 


Reaction temperature Duration of process Molar ratio of HNO, to hydrocarbon 


Fig. 1, The nitration of fsopropylcyclohexane as a function of the temperature (A), 
the duration of the process (B), 20d the relative amount of nitric acid (C) 1) cons 
version of the hydrocarbon; 2) yield of crude petroleum product in percent on cone 
verted hydrocarbon; 3) yield of mmononitro compound {a percent on converted 
drocarboa, 


Aa a result, in the nitration of cyclanes with nitric acid a change the reaction temperature Influences 
not only the quantitative side of the conversion, but also to a strong d-gree determines the direction of the te~ 
action and the nature of the final producty, 


Influcnce of the Duratlon of the Process, In this part of the study we ran a series of experiments on the 
nitration of tsopropylcyclohexane with niuie acid ivving d 1,3, a temperature of 80-85%, and a molar ratio of 
hydrocarbon to acid of 1; 2,5, The time of reaction was taken 6s § 10, 15 and 20 hours, The results of the 
experiments are shown In Fig, 18, 


Ae examination. of the character of the curves in Fig, 1B shows that under the conditions of our experi> 
mens the optimun duration of the nitration reaction ke 1§ hours, With increase fn the duration of the process 
the specific significance of oxidation reactions tycreases, 


Influence of the Molar Ratio of the Reacting Components, To answer this quéstion we ran a scrics of ex 

periments on the nitration of isopropyleyclohexane with nitric acid having @ 1,3, a temperature of 80-85% and 
_& reaction ime of 15 hours, in which connection the molar ratio of hydrocarbon to nitric acid was varied from 
1; 1,25 to 1;2,5, The results of these experiments are shown In Fig, 1C, The character of the curves in Fig, 1C 
shows that the percent conversion of the starting hydrocarbon decreases with decrease In the relative amoum 

of nitric acid, while the yield of crude nito product and of mononitro compound in percent on converted crude 
remains almost constant, As a@-result, under the conditions of ou experiments the optimum molar ratio of hy- 
drocarbon to nitric acid is 1; 2,8 


Influence of the Nitric Acid Concentration, Cur experiments revealed that with the same relative ae 
mount of nitric acid the nitration process Is strongly dependent on the concentration of the latter, Thug if 
nitric acid with d 1,3 is used for nitration the amount of converted lsopropy cyclohexane Is 61% while the yield 
of crude nitro product and monitro compound (in percent on converted hydrocarbon) fs on the average 76,1 and 
46, 8% respectively, whereas the use of niuic acid of d 1,075 for the nivation, with othe: conditions constant 
and even with @ 3-fold increase in the reaction time, leads to the formatioa of only waces of the nivo product, 


In summary, it might be mentioned that the optimum condidons for the altration of fsopropylcyclohexane 
with nitric acid in tho Nquid phase are; tomperature 80-85%, duation~ 1$ hour, nitric acid concentration 48% 
(4 1,3), 4nd molar satio of hydrocarbon to nitric acid equal to 1:28, Under these conditions the hydrocarboa 


a 
b 
j 
i 


converston is 67% while the ylelds of crude nitro product and mononitrotsopropyleyclohexane in perce, on 
converted hydrocarbon are 98.3 and 18.6%, respectively, 


We are of the opinion that the established dependence of the reaction course for the nitration of fsopro- 
pylcyclohexane can be explained by the dynamics of the amounts of nitrogen dioxide formed from nittic acid 
under various cond{tions, for a reduction In the temperatiwe and a decrease in the reaction time, and also in 
the concentration and relative cinount of nitric actd, lower the capacity of nitric acid to decompose Into nitro= 
gen oxides, To verify the latter we ran a spectal experiment on the nitration of fsopropylcyclohexane In the 
presence of a smal} amount of ammonium sulfate, For this,a mixture of 43,6 g of lsopropyicyclohexane, 9 g 
of ammonium sulfate and 113,5 g of nitric actd with d 1,3 was heated at 80-85° for 8 hours, Despite the fact 
that the process was run under cunditions proving optimum vor the nitration of lsopropylcyclohexane, the ea- 
periment failed to lead to the formation of even traces of nitro product, 
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THE REACTION OF THE INTERMEDIATE PRODUCTS OF THE ARBUZOV 
REARRANGEMENT WITH AMINES 


Academician A, E, Arbuzov and N, N, Sazonova 


In 1905, one of us discovered the reaction subsequently named the Arbuzov rearrangement, The general 
scherne of the reaction {8 


ROL RO, 
Hal -» ROS RHal.. 


RO’ q) 


For phosphites In which R is 4n aliphatic radical, the Intermediate product fs an unstable substance which 
readily splits out alkyl halide to form ap ether of an sikylphosphonic acid, For phosphites in which R is an aro- 
matic radical, the intermediate complex can be lsolated in analyticaily pure form (2,3} 


The intermedlate products ef the Arhuzov rearrangement are reactive substances, They react vigorously 
with water and various alcohols (2,4), Leodavor and Ridoa [4) give the following scheme for reaction of the 
intermediate complexes with alcohols, 


ROY “Hal 


mone +R’ Hal. 


Since, In all probability, the first stage of the reacdon proceeds by means of the hydrogen of the alcohol, 
a similar reaction might be expected with other substances having sn active hydrogen, We used recondary 
_ amines in place of alcohol, We prepared the following complexes (No, I+ in Table 1), and reacted them with 
dialkylamines (dicthylamine and dimethylamine), 


TABLE 1 


Conditions__| Hal, % 


hours} °c 


p-CIC 
{0 
0-CHyCal ly 


> 
| (2) 
Complex ume, |temp., lcale. % 
: 
810 100 | 190 | | 25,29 Quant, 
2 4 | 100 25.7 | 25.7 Quant. 
5 16 |140--120107—1081 25° | 24:84) 
( 36 }110—120 Ou 
808 


The intermediate products of the Arbuzov rearrangement were prepared by heating equimolar amounts 
(of phosphite and atkyl halide) in sealed tubca, 


First, we decomposed certain of the intertnediate complexes with ethyl alcohol, which resulted fn the 
formation of esters of alkylphospbonic acids (Nos, 1-4 in Table 2), 


TABLE 2 


B.p.. °C 


mm Hg ? cate. [found Rfound 


Exp. No. 


215/18 11.23) 11-08) 74.6 
2] (CHC 213—214/42]1 5415} 10.00] 10-481 39.8 
3 176—177/3 |1.335011.5560] 9.78} 30 
P—N (CoH) | 176—17874 .0902]1.5532] 10.72] 19-78) 62,8 


As is well known, the reaction of the tntennedlate complexes with alcohols {s accompanied by the liberae 
tion of a large amount of heat, A similar phenomenon was observed during their decomposition with amines, 


As @ result of the reaction of products 1-5 of Tedle 1 with amines, phenol o-, correspondingly, an analog 
of it was always formed in quantitadve yield, Onty In four cases could the second product of this rcaction be 
obtained in the crystalline state and purified by recrystaliizatioa from an acetone-ctier mixture (Nor, 1-4 fia 
Tabdle 3). 


TABLE 3 


5 % Exteraal 
Yield 
Substances orm 
*c Icale. found] 
+ 7.08 
CH; (CeH,O),P ! 126 | 7.19] | 56 [Needles 
2 CHACH OP = | 7-69 7.73 | 28 Ineedies 
+ 
4 | 139-5] 7.49 | 7:26 | 28.8 |Needies 


The other products were viscous, Hght brown liquids which, on standing in air, hydrolyzed with the lbera- 
thon of the hydriodide of the diaikylamine, 


Ia an attempt to lsomerize the ester of shatiiastiiiiapniipiiiaiaam acid with methyl fodide, the 
product obtained was {dendcal to the product of the reaction of methyltriphenylphosphonium fodide with diethyl 
amine, The amidophosphite (No, § in. Table 2), @ compound with @ trivalent phosphorus, violently reacts with 
bromine In quantitative ratios, and also reacts with cuprous lodide forming a crystalline complex with an m,p, 
Of 111° and @ molecular weight of 1443 as against a calculated value of 479,5 x 3 (1438,5), 


i 
sale 

= 
. 
. 


The amidophosphite wes prepered from the chioride of diphenyiphosphorous acid and dicthylamiac in an 
ethee mediuin 


On heating the atnidophosphite and inethyllodide In equimolar amounts for half an hour at a temperature 
of 100° and subsequertly cvoling, the entire mass in the tube completely crystallized, For the basic reaction 
product we propove the formula; 


We propose the following scheme for its formation; 


In order to confirm the structures proposed for products Nos, 1-4 in Table 3, we carried out a series of 
chemical reactiong, 


Saponificetion of product No, 1 {n Table 3 gave methyiphosphonie acid with an m,p, of 102° and diethyl 
amine hydriodide tn quantitative yleldy, This fact indicates that the methyl group Is bound to the phosphorus, 


The focine In this product was In the form of an jon, This was confirmed by quantitative precipitation 
of Ag! with silver nitrate in an ethyl akcohol medium, Only by such a structure fs it possible to explain thelr 
non-particips toa in resections according to schemes (1) and (2), 


The schem proposed by us for the formation of products Nos, 1-40f Table 3 finds confirmation in a 
series of investigations of the fsomerization of amidophosphites, It was previously shown by the authars ($-7) 
that as @ result of the {somerszation of amidophosphites oy alkyl! halides, {a contrast to the lsomerization of 
diamidophosphites when the normal fsomerization fs formed (8}, ths products obtined were an undis- 
ullable of] and a dialkylamine sale, 
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ON THE MECHANISM OF THE THERMAL DECOMPOSITON OF CELLULOSE UNDER 
VACUUM AND THE FORMATION OF 1,6-ANHYDRO-1,5- 
GILUC OP YRANOSE~ LEVOGLUCOSAN 


O. P, Golova, A, M, Pakhomov, BE, A, Andrievskaya and R, G, Krylova 


(Presented by Academician I, N, Nazarov, June 7, 1957) 


Up to the present time, there has been no unequivocal explanation of the mechanism of the formation, 
during the thermal decomposition of ceHulose under vacuum, of 1,6-anhydro-1,5-glucopyranose — levoglucosaa 
— acom pound with the elemental composition of a unit of the stuctural unit of cellulose but having the hydro- 
xyl in a different position (at Cy instoad of Cy) and two oxygen bridges Instead of @ single 1,5-bridge, 


Irvine and Oldham (1) proposed a mechanism for the formation of levoglucosan through an Intermediate 
stage in which the cellulose ts hydrolyzed to glucose and dehydration of the latter, 


This hypothesis found corroboratios 4 the communications of Ksrret (2) on the preparation of levoglucossa 
in high yields from 6 -d-glucose, 


For an accurate evaluation ef the existing fdeas on the mechanism of the fo:mation of levogluccsan from 
cellulose, a part of this mechanism being the ternal depolymerization of polyseccharides to the monomer, we 
considered {t necessary to carry out investigations in order to obtain data for an answer to ths questions of the 
principles connected with the formation of levoglucosan from cellulose, 


Such basic data are; 1) obtaining a constant yicld of levyoglucosan during the thermal decomposition of 
cellulose, 2) the possibility of the formation of levoglucosan froin 8 -d-glucose, 3) the effect of the physical 
structure of the celluloss (packing density) on its thermal decomposition, 4) the effect of glucose on the process 
involved in the formation of levog)ucosan from cellulose, and 5) the effect of the degree of polymerization of 
the cellulose, : ? 


As 4 result of systematic Investigations on the effect of changing the various physical factors, conditions 
were found (temperature, vacuum, and cellulose properties) wilch give a constant yleld of 55-60% levoglucosan, 


The results obtained during the study of the possibilty of obtinisg levoglucosan from § -d-gluccee under 
optimum conditions for the thermal decomposition of cellulose are presented in Table 1, As ecen from the data 
in the table, the yleld of levoglucosan coimprised only 5-6 % of the glucose, 


TABLE 


Production of Levoglucosan from 8 -d-Glucose and Cellulose During 
Thermal Decomposition Under Vacuum 


Yield of products in ®of yjeld of levoglu- 


Initial materia) cosan in % of 
solid distil- [liquid distillate 
material rine + dry residue initial material 


 B-d-Glucose 39—42 57 5—8 
Cellulose 13-75 a 


Levoglucosan 08.8 


; 
809 
, 


The investigations of the thermai conversion of glucose show that the conversion of glucuse to Ievogluco 
san Is possible, but the degree of conversion is very small -only 6%, The data of Karrer showing high yields of 


levoglucosan froin 4-d-glucose were rot confirmed, The method of separating the products of the thermal de- 
composition of glucose by means of anton exchange resing, which was fist used by us, permitted the identificas 
tion of levoglucesan and gave une qidvocal answers as to the posibility of forming levoglucosan and its amount, 


The investigations carried out with celluloses of different structure, as characterized by packing density, 


were published earlier 


(3}. 


The results obtained In that investigation indicate, by means of an actual examp's dhe change fn the 
chemical process in the thermal decomposition of cellulose in relation to packing of the r.acremolecule, From 
these data it follows that the chemical processes of the thermal decomposition of cellulose cannot be considered 
only on the basis of the concept of the structure of the tndividual polymer molecules, A decrease in the peck> 
ing density of the macromolecules feads to a decrease in the yield of levoglucosan and Increases the yield of 
products of the deeper decomposition of cellulose, 


gu 
z & 


Yield of ievo 


Ghicose added, % 


Fig. 1, Effect of adding glucose to cellulose on the 


yield of levogiucosan, 


TABLE 2 


The facts of the low yield of levoglucosan from 
8 -d-glucore (5-6%) and from easily hydrolyzed cellue 
lose led us to the requirement o1 an investigation of the 
effect of the presence of glucose itself on the formation 
of levogiucosan from cellulose, With this alm, glucose 
was introduced {nto the reaction system tn amounts of 
from 2 to 20% of the weight of cellulose, The rests 
are presented in Figure 1, 


As scea from Figure 1, the introduction of glu- 
cose, regardicts of the amount, reduced the yicld to 
30%, 


Since levog' scosan is not the main product of 
the thermal decomposition of the monomer (glisore), 
it was necessary also to Investigate the effect of the 
degree of polymerization on the yicld of levogiucosan 


during the thermal decomposition of cellulose, The results of these experiments are presented in Table 2, 


Effect of Degree of Polymerization on the Formation of Levoe 


glucosan 

Yield of decor: peste 
38 3 liquid dis- qe] 
2 rolld and | ai 

ate |q a 

ag 9 ry residue 38 sls 3 


ono 
450 
200 
190 
150 


Cellobiose 


19.0 77.0 60.0 
23.0 78.3 56.0 
22,0 72.0 54.0 
25.0 72.6 53.0 
20.0 72.8 54.0 

- | 4 


It follows from the data of Table 2 that a change In the degree of polymerization in the cellulose samples 


of from 1000 to 150 has practically no effeet onthe formation of levoglucosan; the ylold comprises 55-60% under 


810 


conditions of constant physical structure, 


| 

{ 78 

76 
74 
75 
2 
ag: 


In order to clarify the question of the minimum chain Ieagth in the format'.a of levoglucosan, an Investl= 
gation wes carricd out on the effect of heat and vacuum on c:llobiose under dvs same conditions at in the de- 
composition of ccitulose, 


We found that the yield of pasty distillate was and the of tevoglucosan was only 3- 4% calcul- 
ated on the cellobluse (sce Table 2), 


Our data show that the basic elements of the hypothesis of the formation of levogiucosan through the In- 
termediate stage of cellulose hydrolysis to glucose and dehydration of the glucese to levoglucosan is not cons 
firmed experimentally and, therefore, that the hypothesis is not correct, 


On the basis of these facts, it would be expected that the mechanism of the formation of levoglucosan 
must include the following processes, 


In regions where the packiig fs dense, the formation of levoglocosan fs the-pelmary reaction, Here the 
processes of dehydration and hydrolysis have only a-secondary significance, In regions with @ different physica 
structure, the primary reactions are dchydration and hydrolysis which lead to the fonuation of chemically changed 
and, possibly, thermally unstable glucopyrano-e units of the cellulose molecule, Therefore, in this case the 
rupture of the 1,4- 4 -glucosid'c bonds docs not lead to the formetion of levoglucosan, 


According to our picture, the process of fsomerization apparently Includes migration of the hydrogen of 
the hydroxy! group of the 6th carbon atom to the oxygen atom at the 4th carbon atom and linking of the 1” 
carbon atom with the 6th throagh the oxygen atom with the formation of five- and sevea-membered rings and 
with retention of the six-membered ring: 


According to the calculation of Reeves 4}, the spatial location of the atoms of the anhydroglucose unl? 
favors formation of @ 1,6-anhydro ring, since the distance between the 1st and 6th carbon atoms fs ess than that 
between any other pair of neighboring carbon atom, 


The decrease in yield of levoglucosan on adding glucose to the cellulose fs apparently caused by the In- 


* Nfbiting action of the very active fragments of the glucose molecules on the Isomertzation of fragments of the 


cellulose chain to levoglucosan or to the blocking of the radical center witich arises as the first act in the pro= 
cess of forming levoglucosan, 


It might be supposed that for the fonnation of significant amounts of levoglucosan through the lsomeriza- 
ton of the glucopyranose unit of ce)!ulose, the presence of chains with a high degree of polymerization fs ree 
quired, thereby providing a physica) structure which, by blocking the hydroxy! groups through the formation of 
hydrogen bonds, hinders the process of dehydration and other side reactions, 


Conclusions, 1, The low yiclds of levoglucosan during the therinal decomposition of readily hydrolyzable - 
celiulose, glucose, and ccHoblose with the addition of glucose controverts the possible existence of an Inter- 
mediate stage in which glucose Is formed and the dchydration >of the glucose to levoglucosan as aa intennediate 
stage in the formation of levoglucosan from cc} lulose, 


These facts do not confirin the hydrolytic-dchydration mechanism of the formation of levoglucosan, & 
mechanism which ts widely cited in the literature, 


2, The formation of levogincosan in considerably ylold (55-60%) proceeds only with the presence of a 


H! 
HY 34 
H H | 
: 


certain chain length of the cellulose macromolecule, It has been shown that a significant yield of levogluco- 
san during the thermal decomposition of cellulose under vacuuin requires a consolidated cellulose structure, 


3, The process of the formation of levoglucusan Includes cleavage of the cellulose molecule at the 1,4-B¢ 
giucosidic bonds and subsequent fzomerization of the resulting chain fragments Into levoglucosan molecules, 


The basic conclusions made during the Investigation of cellulose are perhaps concerned with the occurs 
reace of other polysaccharides during thermal decomposition and also with other forms of polymers, 
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EXPERIMENTAL BASIS FOR A CHAIN MECHANISM OF THE 
HETEROGENEOUS-CATALYT IC HYDROPOLYMERIZATION OF OLEFINS UNDER THE 
INFLUENCE OF CARBON MONOXIDE AND HYDROGEN 


N. I, Ershov and ya, T, Eidus 
(Presented by Academician B, A, Kazsnsky, April 19, 1957) 


Chain reactions occurring in space and initiated by free atoms or radicals are widely known and have 
been studied in detail, However, up to the present time there has been no direct and uncuuivocal experimens 
tal prouf of the possibility of the occurrence of a chain process on the surface of a solid catalyst, although it 
has been shown that certain reactions proceed on a solid catalyst by a chain mechanism, and there has also 
been published a theoretical work {1) admitting the possibility of chain heterogencous-catalytic reactions, We 
have previously shown (2) that radicals formed during the keteregencous-catalytic reduction of carbon monoxe 
ide by hydrogen are tnitiators for the hydropolymerization of olefins, It was of interest to determine if this 

is a chain reaction, since In the homogeneous polyme d zation of olefins under the influence of free atoms and 
radicals, the process occun, as a rule, by a chain mecchanisin, This {s true of the polymerization of olefins 
(ethylene, propylene, butylenes) inithated both by the simplest alkyl radicals (methyl and cthyl) and by methyl- 
em radicals obtained by the decompositicas of ketene, While carrying out hydropolymerization reactions with 
Cy-Cy and Cy olcfins (3-8), it was established at at 190° ard atinospheric pressure and with low concentra 
tions of carbo: monoxide (1-2%) fn approximately equimolar mixtises of olefins anu hydrogen, cach molecule 
of carbon monoxide entering into reaction involves up to 45 molecules of olefin (ethylene) in the hydropoly- 
merization process (Figure 1, Curve b), From this It i* apparent tnat, fn view of the small quantitics of carbon 
monoxide entering into the reaction, It cannot be considered as a reagent in the usual sense, From its effect 
on the reaction, which proceeds only with its participation, carbon monoxide must be an initiator of a chain 
polymerization process or a catalyst, However, the role of a catalyst {s excluded in the present case, since 
carbon monoxide appears In the fina) product without regencration, In this reaction, carbon monoxide &s an 
initiator of @ process which clearly has some of the basic features which distinguish the chain character of the 
alkyl free radical-initiated polymer zction of olefins in space the chain length, or yield based on inidator 
(number of polymerized olefin molecules per Initiator particle), significantly exceeds unity, and there ts @ 
regular decrease in the Jength of the chain or initiator yleld with an facrease in its concentration, 


One of the characteristic features of homogencous chain polymerizations of oiefins under the influence 
of alkyl free radicals is s dependence of chain length or initiator yicld on the concentration of these radicals, 
This dependence fs der-ndent on the difference in the rate df the reaction of the radicals with olefin molecules 
and that of the recombination of the radicals, With considerable concentrations of radicals, thelr recombina- 
tion predominates, and addition to olefins (initiation) proceeds slowly or not at all; on the other hand, with 
low concentrations of free radicals, conditions are unfavorable for thelr recombination, and, consequently, there 
is. mass addition to olefins lesding to an increase in polymerization rate, Thus, it has been observed that initiator 
yleld increases with decrease In the concenustion of initiator (free radicals), All this is readily apparent from 
the following examples; with the introduction into cach 15,3 liters of ethylene of 117, 34, 4, and 0,1 ml of 
tetracthyl lead, the decomposition of which gave {ree ethyl] radicals, 0,15, 0,83, 6,4, and 225 raolecules of 
ethylene, respectively, were polymerized for cach ethyl radicel (9); in the polymerization of ethytene (10) 
under the influcnce of methyl radicals, formed by the decomposition of tetramethyl lead, the use of 0,5 and 
1.3% of the latter based on the weight of ethylene gave initiator yliolds of 5 and 0,59, respoctively, A similar 
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dependence of initiator yicld on carbon monexide con- 
centration was observed in the hydropolymertzation of 
olefins; lower concenu ations of carbon monoxide 
responded to higher inidator yields, as may be scen 
from Curve b of Figure 1, which relates to the reaction 
of ethylene, and from Table 1, where data are present- 
ed on the hydropolymerization of ethylene, propylene, 
and 1l-butene, At maximum reaction rate, which oce 
curred for all olefins at 5-€% CO in the initial gas and 
ratios of hydrogen to carbon monoxide of 6-8, the Ini- 
tiator yield for ethylene was approximately 8, for pro- 
pylene ~4, for butene ~3, and for hexene 1-2, The ree 
action rate has a complex dependence on carbon mona 
ide concentration; in the interval of up to 5-6 % carbon 
monoxide in the olefin-hydrogen mixtures, there ts ob- 
served # continuous Increase in the reaction rate, which 
decreases with a further increase In CO concenwation 
Fig, 1, up to almost complete cessation of the reaction for Cy 

and C, olefins, The relation of the rate of formation 

of reaction products and carbon monoxide concentration 
during the hydropolymerization of ethylene {s shown in Figure 1 (Curve a), The heterogencous-catalytic nature 
of the hydropolynveri zation reaction is expressed in the effect exerted by olefin adsorption on the reaction; the 
reaction proceeds only in the case where there is olefin adsorbed on the catalyst, In work with a gas containing 
CyHe, 25% Hy, and 25% CO, the propylene did not enter {nto the reaction, nor was It hydrogenated to pro= 
pene by the hydrogen, although the usual reaction forming hydrocarbons from carbon monoxide and hydrogea 
was observed, The carton mooxide, which has s greater tendency toward adsorption than docs propylene, 
blocked the surface of the catalyst, and with the absence of propylene from the surface, there was no hydroe 
polyme ization reaction, The heterogencous naiue of the reaction is #180 shown by the obtaining of constant 
yields of hydrocarbons per unit volume of initial active gas when the lattes fs diluted with nitrogen (11], 


It follows from this that the hydropolymerization 


Hydsocarbou yield, g/cu, n. 
a 


TABLE 
—* of olefins under the influence of carbon monoxide and 
hydrogca fs reaction with 
Iniclatos 
yield, % radical-chain mechanism, 
olcfia 
gas, % Thus, by means of this reaction it has been shown 
for the first time that ft is poss ble for a heterogeneous- 
Ethylene 0.4 $4.0 catalytic reaction to proceed by a radical-chain meche . 
anism, 
15S—20 40 ~ It is entirely probable that the related hydropoly- 
Propylene 5.7 3.7 merization process of the formation of hydrocarbon from — 
Pee 7 CO and Hy also proceeds, in a certain stage, by a radi 
13.6 0.4 The initial stage of this proces 
15.4 0.2 proceeds by a radical mechanism (hydrocondensa tion) 
na $5 with the formation of olefins, With the accumulation of 
the latter on the surface of the catalyst, hydropolymerde 
1-Butene ne = zation of the olefins begins, proceeding by a chain meche 
8.0 17 anism and complicated by # number of other reactions, 
ae 0.4 for example, hydrocracking, hydrogenation, etc, The 
8 0.16 formation of the hydrocarbons proceeds by a complex 


combination of a radical mechanism with a radical 

chain mechanism, In this light, the bydropolymerizae 
tion of olefins, which begins with the stage of the appearance of olefin, is considered as the concluding part of 
the complex reaction forming hydrocarbons from CO and Hp, 


. : 

: 

: 


The identity of their relation to temperature and the great similarity in the nature of the reaction pro- 
ducts convince us of tue unity of nature of the reactio’s of hydropolymerization and the formation of hydro- _ 
carbons from CO and th, 
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